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cli.-t. p1t.0e6-6c.hlu6.t 
II 
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III 
De door Retief e.a. gesuggereerde vonning van fluor�tiet tijdens een appli­
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V.H. Retie.6; E.L. Bl!.aclte.y; M. Holb1t.oolz.; 
V . .swd:ze1t.: J. de.n.t. Re-6. �: P/t.Ogttam and 
ab-6.tlt.ac.t-6, Ab-6.t/t.. No. 1066 (1981) 
dil p1t.oe.6-6c.hlu6t 
N 
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13. Tac.ho-6: CaJue-6 Re;.,. 75: 273-277 (7987) 
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]. Klime./z.: VtJ.ic.h. zahna.Jtz.te.. Z. 36: 
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VI 
Het resultaat van Bruun e.a. dat bij rrengen van speeksel en de tandlak Fluor 
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de m:md. 
C. B1t.u.u.11; H. G-to-6 lz.o v; K. Sto.ltze.: 
CaJue-6 Re.-6. 14: 103-109 (1980) 
VII 
Het begrip "lakale" fluoride-applikatie Jean niet letterlijk genoeg warden cp­
gevat. 
VIII 
F.en venni.ndering van de "ingeslikte" hoeveelheid fluoride tijdens een lakale 
gel-applikatie dient bij voorkeur te warden bereikt door een mininale hoeveel­
heid gel in een individueel aangepaste applikatielepel te gebruiken. 
IX 
Bij het vervaardigen van een nieUN kunstgebit dient de infanratie die de aude 
prothese kan leveren beslist niet te worden verwaarloosd. 
X 
Het aanbrengen van de "linguale baar" van een partiele prathese in de anderkaak 
cp de halve afstand van de !lOI'rlbodem en rrarginale gingi va van de frontelernenten, 
is anjuist. 
rhe. J.M. Ney Company: Planned PaJi.;t,i.a1J.,. 
Conne.c.ucu.t PJurite}l.,6 Conne.c.ucu.t, USA. 
p. 119 ( 1957) 
XI 
De door Fusayarna gesuggereerde cherni.sche hechting van cx::xrposieten aan tandbeen 
virrlt niet plaats. 
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Ve.n:tu.,tlty. Quirituf.i e.nce. Pubwh-<.ng Co. , 
Tok.yo, p. 70 ( 1980) 
XII 
Ten gevolge van een sterke teruglocp van het tandbederf bij de Nederlandse 
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XIII 
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XIV 
F.en discussie over te veel of te weini.g tandartsen is slechts dan zinvol als 
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Een uitbreiding van het verstrekkingenpakket van de ziekenfondsen voor restau­
ratieve tandheelkundige hulp vonnt een bedreiging voor het gave gebit. 
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INI'ROOOCTION AND AIM OF THE INVESTIGATION 
The cariostatic effect of topical fluoride applications on teeth has been 
derronstrated in several clinical sttrlies. The first trials were carried out 
by Cheyne [1942], Bibby [1942] and Kntrlsen and Armstrong [1943] employing 
"fluoride painting". 
Several rrethods are currently used to apply fluoride in the oral environ­
rrent e.g. fluoridated toothpastes, topical fluoride applications, fluoride 
containing rrouthrinses, fluoride tablets and waterfluoridation, etc. 
fuis study pertains to topical fluoride applications. These are fluoride 
treatrrents in which for a short period (Ri 3 - 5 min) the outer tooth surface 
is in direct contact with a fluoridating agent. 
Arrong the clinically effective agents sodium fluoride, stannous fluoride, 
acidulated p,.osp,.ate fluoride and amine fluoride have been frequently used by 
the dental profession; nore recently the varnishes (or lacquers) have been 
introduced. 
'Ihese ne,1 F containing agents were developed with the aim 
1. to adhere to the enarrel surface, and consa]Uently 
2. to enlarge the contact tirre from minutes to days. 
This is an interesting developrent because C'ONI'ACI' T1ME plays a dani.nant 
role in the fluoridating effect in enarrel [Ohrrori et al., 1964; Mellberg, 1967]. 
The high fluoride concentration used in topical applications, has as a re­
sult that calcium fluoride (CaF2) is the main fluoride formed on the enarrel 
[Mct::ann and Bullock, 1955]. Despite this well established fact, CaF2 fornation 
on the outer enarrel surface has been usually neglected in nost local fluorida­
tion experirrents. 
Caslavska et al. [1974] introduced a rrethod to distinguish the arrnunt of 
fluoride on the enamel (F ) and fluoride acx:{Uired in the solid (F. ) • Because on in 
F and F. rrost likely have a different effect on caries reduction and in on 1.n 
caries prevention these are two interesting parar:eters to follow in vivo. 
11 
The a.ins of this investigation were: 
i) to investigate sev.:ral acid etching parameters of the acid etch process 
(Fin detennination) 
ii) to detennine in vitro the arrounts of fluoride in and on the enanel after 
applications 
iii) to follaw longitu:linally in vivo the arrounts of fluoride on the enamel 
and acquired fluoride in the enarnel after topical F applications. 
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CHAPTER 2 
THICKNESS OF ENAMEL LAYERS REMOVED BY HCl04 ETCHING t 
Abstract. The fluoride content of enamel is usually expressed in ppm p- in an enamel 
layer with a given thickness. A common procedure is to etch away a thin layer of enamel, 
to measure the F content by solid state electrode and to calculate the enamel layer thickness 
from the amount of calcium in the etch solution. The layer thickness influences therefore 
directly the fluoride profiles (F- content vs distance) in enamel. 
In this investigation, buccal surface areas of permanent human teeth were exposed to 
0.1 M perchloric acid for different periods. The resulting distances between the control 
and acid etched surfaces were determined by both chemical depth determin�tion (den) and 
by an optical depth determination (d0r)- These techniques were applied to the same samples. 
The results show in most cases a statistical significant difference between the two values 
of interest dea and d0p; d0r is greater than den· Increased exposure times result in larger 
differences d0r and dea· For long exposure times d0r is considerably greater than d0a ; the 
difference can be as much as 500/o. The reason for discrepancy between optical and chemical 
depth determination is most likely due to the prism structure of the enamel. SEM pictures 
on 0.1 M HC104 etched specimen strongly indicate an increasing roughness of the surface 
with increasing etching periods. 
2.1 Introduction 
The thickness of enamel layers removed 
by etching with perchloric acid is of consid­
erable practical interest because (1) the acid 
HC104 is generally employed to remove 
thin enamel layers for fluoride determina­
tions and (2) the layer thickness removed 
-d- influeaces the fluoride content given in 
ppm F- directly. 
In this paper two methods are compared 
for estimating the amount of enamel re-
moved by etching with 0.1 M HCl04 for 
various periods: a measurement of the layer 
depth based on the amount of calcium re­
moved during an etching period, denoted by 
dca and a direct measurement of the layer 
depth on tooth sections by light microscopy 
and photomicrography, denoted by dor· 
Results of optical and direct measure­
ments on etched enamel surfaces have been 
published previously by W eatherell and 
tCaries Res. I 6: 129-137 (Karger, Basel 1982) 
13 
Hargreaves [1965] and Muhlemann et al. 
[1964]. In the literature there are numerous 
papers employing the HCI04 etching meth­
od in which the calcium determination has 
been used in the concentration and/or depth 
measurements; some recent papers are from 
Abrahams et al. [1980], Bruun et al. 
[1980], and Retie/ et al. [1980]. 
22 Materials and Methods 
The enamel in which the fluoride concentra­
tion and etch depth was to be measured had a de­
fined surface area. The tooth was covered with 
red nail varnish except for a rectangular window 
on the buccal surface of about 12 mm2• The ex­
posed surface area was determined for each tooth 
by precision micrometer measurements at 10 X 
microscopic magnification, with an accuracy of 
about 30/o [Arends and Schuthof, 1975]. 
Chemical Depth Determination. A layer of en­
amel was removed by exposure to 0.5-ml portions 
of 0.1 M HClO,. Etching was carried out on indi­
vidual crowns mounted with the palatal side 
against a plastic rod. The specimens were always 
rotated in the acid solution at 100 rpm for a 
standardized agitation. (The pH of the acid solu­
tion was identical before and after the etching of 
the specimen, even after the largest periods em­
ployed.) 
Dissolution was stopped after a given period 
by the addition of 2 ml 0.1 M trisodium citrate. 
Chemical depth, dca, was subsequently calculated 
from the amount of dissolved calcium found in 
the etching solution by atomic absorption spectro­
photometry. The calcium determination was car­
ried out as follows. Before the measurement, 0.5-
ml samples of the solutions were diluted 1:10 with 
a 0.20/o lanthanum-oxide solution to eliminate in­
terference by phosphates. The reproducibility and 
accuracy of the procedure is very good; error 
within 30/o [ten Cate, 1979]. From the calcium de­
termination the weight of enamel WE was calcu­
lated by assuming an average enamel density of 
2.95 g cm-3 [Karlstrom, 1931; Manley and Hodge, 
1939; Weidmann et al., 1967] and an average cal­
cium content of 37.4 wtO/o [Soremark and Samsahl, 
1961; Robinson et al., 1971]. The thickness of the 
etched layer was estimated from the formula: 
enamel weight WE in µg 
de. = ----------- in µm. 
2.95 x exposed area in mm2 
Errors and Biological Variation in dca- The 
use of 37.4 wtD/o for the concentration of calcium 
in enamel is an average value (enamel is a typical 
inhomogeneous material). The average analytical 
values for the calcium content published range 
from about 36 wtD/o [Nicholson and Mellberg, 
1969; Weatherell and Robinson, 1973] up to about 
37.5 wtD/o [Robinson et al., 1971]. If we assume 
the lowest calcium concentration published of 
36 wtD/o this corresponds to an increase of the 
chemical calculated etch depth (dca) of about 40/o. 
The density of the enamel used in the above for­
mula 2.95 g-cm-3 is an average value for incisors 
measured by Weidmann et al. [1967]; the total 
range of surface density examined in incisors was 
2.84-3.01 g-cm-3• Because enamel is not a homo­
geneous material, local density fluctuations may 
occur. Assuming a low density value of 2.84 the 
use of 2.84 will tend to give a higher value for the 
depth of the etch of about 3.50/o. 
Optical Depth Determination. All teeth were 
sectioned perpendicular to the etched enamel sur­
face, using a water-cooled diamond-coated circu­
lar saw. The sections, approximately 350 µm 
thick, were embedded in epoxy resin (Araldite, 
HY 956-0) and ground manually to about 80 pm 
using 1200 grit abrasive paper (Siawat, WA). Two 
methods were employed to determine the etch 
depth optically: (1) the· sections were examined at 
40:J X magnification in transmitted light, using the 
microscope reticle to measure the thickness of the 
removed enamel layer (Leitz, Durimet) and (2) 
photomicrographs on color slides from each sec­
tion were made to measure the distances between 
the protected and acid-etched surfaces (Olympus, 
Vanox). The 440 X magnified picture was subse­
quently projected under standardized circumstances 
and distances were measured with a ruler. In the 
course of this investigation it was noticed that for 
the most accurate results the pictures had to be 
made with an open condensor system. 
Errors in dop. The accuracy of the optically 
measured depth (dor) is within 1 ftm. This can be 
illustrated as follows (method 2 using color slides 
projected) in figure 1 and table I. Figure 1 shows 
14 
Table I. Determination of the accuracy of the optical method using a projected color slide 
Observer Measurements, µm 
2 
I 1 .6 
I 1 .0 
2 
I 1 .0 
1 0.7 
3 






I 1 .0 
1 0.9 
6 
1 1 .3 
1 0.6 
a typical etch step after an exposure of 60 s; in ta­
ble I we have compiled the step depth measure­
ments of two observers. Each observer measured 
the step shown in figure 1 ten times. An error al­
ways present in the section preparation is the diffi­
culty to cut perpendicular to the enamel surface. 
Great care was taken to cut as perpendicular as 
possible to the surface. We estimate that the cut­
ting angle deviated less than 5°. A calculation 
shows that the error introduced is very small = 
0.50/o or 0.02 ,um (negligible) at dop = 4 11m. 
Two separate groups of experiments have been 
carried out, using both optical and chemical depth 
determinations. In the first experiment the buccal 
surfaces of six recently extracted, noncarious per­
manent mandibular human incisors were cleaned 
for 30 s under tap water with a toothbrush, then 
Fig. 1. This photomicrograph shows how the 
distance between control (C) and acid-etched (E) 
surface is measured. The bar is 20 11m. 
7 
1 1 .2 
1 1 .2 
8 
1 1 .2 
I 1 .0 
9 
1 1 .6 
1 0.9 
I O  average d0p ± SD 
I 1 .0 I 1 .2 ± 0.3 
1 1 .2 . I 0.9 ± 0.2 
the roots and the lingual halves of the crowns 
were removed. The buccal halves were employed 
for the determinations as shown in figure 2. One 
layer of enamel was etched away by exposure to 
the acid for either 30 or 60 s. Each exposed area 
was used for both dcu and dop determinations. 
On each specimen, at least three different values 
of dop were recorded. The statistical evaluation 
was based on the Student's t test for independent 
observations. In a second experiment the buccal 
surfaces of nine recently extracted intact maxillary 
incisors were sectioned mesiodistally into halves 
and coated with nail varnish, leaving exposed rec-
Fig. 2. A specimen as used in experiment 1. 
The enamel window is exposed to the acid solu­
tion and used for both de,. and dop determina­
tions. The bar is 1,000 11m. 
15 
original surface 





30 s  
60 S 
�- � 120 s 
�- -
/ ,___r---.______ 120 S 
Fig. 3. Schematic representation of a stepwise 
etched enamel surface as carried out in experi­
ment 2. The steps indicate the thickness of the re­
spective enamel layers removed and the final step 
the total thickness of enamel etched from the 
tooth. 
Fig. 4. An overall view of a specimen as used 
for the SEM micrographs; a, b, c and d indicate 
the areas etched for 30, 60, 1 20 and 240 s, respec­
tively. 
Table II. Average depth of etching determined by 
two optical methods (n = 9 specimens): d0" ± SD 
Successive Microscope Color 
etching time, reticle, photomicrograph, 
s µm µm 
30 3 .0 ± 1 .7 3 . 1 ± 0.6 
30 3 .5 ± U 3.8 ± 0.9 
60 7.1 ± 3.3 7 .5 ± 3.0 
1 20 1 4.7 ± 5 . 1  1 4.5 ± 3.8 
1 20 1 9.3 ± 7.0 10.3 ± 5.8 
tangular windows on each half. The gingival 
halves were used for estimating dca by etching off 
5 successive layers by exposure of the enamel win­
dow to the acid during 30, 30, 60, 120 and 120 s, 
respectively, under standardized agitation. The in­
cisal halves of the same teeth were etched stepwise 
by successive exposure for 30, 30, 60, 1 20 and 
120 s. This was done by successively covering one 
fifth of the enamel window with nail varnish; the 
position of the enamel surface before removal of 
the next layer was thus indicated for each etching 
period (schematically presented in figure 3). In a 
separate experiment SEM micrographs were made 
from the enamel specimen employed, after expo­
sures to the acid for 30, 60, 1 20 and 2 40 s respec­
tively. 
23 Results 
The results are given in tables II-IV. 
Table II shows a comparison between the 
two optical methods employed; the results 
shown indicate that a comparable average 
depth of etching is measured. This behavior 
was observable for all etching periods. In 
Fig. 5. Details of figure 4; the surface rough­
ness of etched enamel for increasing etching peri­
ods is shown. Increasing time of etching produces 
a rougher surface. a, b, c and d are SEM pictures 
after 30, 60, 1 20 and 240 s, respectively. The bar is 





Table Ill. Average depth of etching determined by chemical (dt.) and optical (d0r) methods for identical 
enamel surfaces (n • 6 specimens) 
Etching time, dcJ ± SD d0p ± SD (d0p-dt.) ± SE t test difference Significance, ratio 
s µm µm µm d( J  p d0p/dCJ 
and d0p 
30 2.8 ± 0.4 4.4 ± 1 .5 1 .6 ± 0.6 2.6 <0.0 1 1 .6 
60 5.4 ± 0.5 8.5 ± 3.7 3 . 1  ± 1 .5 2. 1 <0.05 1 .6 
Table JV. Average depth of etching determined by chemical (dt.) and optical (d0p) methods on the same 
teeth (n = 9 specimens) 
Successive dt J  ± SD d0p ± SD (d0r-dtJ ± SE t test Significance Ratio 
etching time, µm µm µm 
s 
30 2.9 ± 0.5 3 . 1  ± 0.6 0.2 ± 0.3 
30 3 . 1 ± 0.4 3.8 ± 0.9 0.7 ± 0.3 
60 5.7 ± 0.7 7.4 ± 3.0 1 .6 ± 1 .0 
1 20 1 0.5 ± 1 .8 1 4.4 ± 3.8 3.8 ± 1 .4 
1 20 10.6 ± 1 .5 20.3 ± 5.8 9.6 ± 2.0 
the following part of this paper, d0r per­
tains to the photographic method only. Ta­
ble III summarizes the results on den and 
d0p obtained as described above in the first 
experiment. For completeness we have also 
given the ratio of dea/d0p as well as the t 
test values if one compares dea and d0p. 
Using the Student's t test, this indicates a 
statistical significant difference between the 
two values of interest dea and d0p. In table 
IV we have given the results on de,. and 
d0p by etching of five successive layers of 
enamel as carried out in the second experi­
ment. If we compared dca and d0p in 
this experiment, a significant difference 
(p < 0.05) was found for most etching periods. 
In figures 4 and 5 scanning electron mi­
crographs from etched specimens as em­
ployed in the experiments at a low and a 
higher magnification are presented. Figure 4 
difference dt ., p d0/dc., 
and d0r 
0.9 NS I . I  
2. 1 <0.05 1 .2 
1 .5 NS 1 .3 
2.7 <0.0 1 1 .4 
4.8 <0.00 1 1 .9 
gives an overall view; figures Sa-d show the 
surfaces etched for 30, 60, 120 and 240 s 
respectively. 
2/+ Discussion 
In the literature numerous authors have 
determined the thickness of enamel layers 
removed by acids. Unfortunately, different 
conditions, acid strengths and etching peri­
ods have been published, though most au­
thors use perchloric acid (HC104). Rela­
tively few papers provide sufficient informa­
tion to calculate the average thickness of the 
enamel layers removed by chemical meth­
ods; however, most authors employed 2 or 
0.5 M HC104 acid. 
In this paper 0.1 M acid was used be­
cause it allows greater control for the re-
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Fig. 6. Schematic diagram illustrating an ex­
planation for the dop-dca 'tags' ('hatched' areas) 
above the optically observed etch depth. t, is a 
small, t3 a much longer period of etching. 
moval of very thin layers of enamel. The 
use of a 0.1 M acid solution and relatively 
long etching periods have the advantage 
that manipulation errors in etching time are 
minimized in the final results. An important 
result from table III and IV is that always 
less calcium was found in the etching solu­
tion than expected from optical depth deter­
minations; d0p is in most cases significantly 
greater than dca· This effect is obviously 
independent of the region measured, and 
was found for incisal, central and gingival 
areas as well as for various etching periods. 
Experiment 2 was carried out to gain in­
formation for longer etching periods ( or 
greater depth). The results of table IV show 
that the same behavior is observable and 
that the ratio d0p/dca increases with in­
creasing etching periods. The authors pre­
sume that an explanation of the fact that 
d0p > dc11 for 0.1 M HC104 solutions is 
mainly caused by the enamel prism struc­
ture. This effect may also be partly due to 
biological variations in chemical composi-
tion of the enamel; especially because the 
chemical composition interprismatically is 
different from the prism composition itself. 
Considering possible variations in the dca 
calculation one may take both a low aver­
age value for the density (2.84 g·cm-3) as 
well as the lowest calcium value (36 wtO/o). 
This gives an increase in dca less than 80/o . 
This percentage, however, is especially for 
larger depth values only a fraction of the 
difference between d0p and dca· The en­
amel prism structure is shown diagrammati­
cally in figure 6 and is qualitatively in 
agreement with the SEM micrographs in fig­
ure 5. Comparing figures Sa-d {all made at 
the same magnification) show that the mod­
el suggested is most likely correct. In figure 
Sa, the surface is nearly flat without relief; 
longer etching periods with 0.1 M HCI04, 
figures Sb-d, produce increasingly rougher 
surfaces (experiments are in progress to 
check this behavior for other acids and oth­
er concentrations). If the bottom of the 
rough surface 'valleys' are observed optical­
ly, the calcium remaining in the 'tags' would 
account for the apparent calcium deficiency 
in the etch solutions. 
Acknowledgements 
The authors wish to thank Dr. W.L. Jonge­
bloed for the SEM micrography, Mr. J. Schutho/ 
for valuable assistance during this study and Miss 
M. Akker and Mrs. M. Went for preparing the 
manuscript. 
References 
Abrahams, L.J. Yonese, M.; Higuchi, W.I.; Fox, 
J.L.; Charbeneau, G.T.: In vivo remineraliza­
tion using a sustained topical fluoride delivery 
system J. dent. Res. 59: 583-587 (1980). 
20 
Arends, J . ;  Schuthof, J . :  Fluoride content in hu­
man enamel after fluoride application and 
washing - an in vitro study. Caries Res. 9: 
363-372 (1975). 
Bruun, C.; Givskov, H.; Stoltze, K.: In vivo up­
take and retention of fluoride in human sur­
face enamel after application of a fluoride­
containing lacquer. Caries Res. 14: 103-109 
(1980). 
Cate, ten, J.M.: Remineralization of enamel le­
sions, a study of the physico-chemical mecha­
nism; thesis Groningen (1979). 
Karlstrom, S.: Physical, physiological and patho­
logical studies of dental enamel (Fahlkranz 
Boktryckeri, Stockholm 1931). 
Manley, R.S. ; Hodge, H.C. : Density and refractive 
index studies of dental hard tissues. J. dent. 
Res. 18: 133-141 (1939). 
Mlihlemann, HR.; Schait, A.; Konig, K.G.: A 
chemcial method for the removal of enamel 
surface layers and its suitability for fluoride 
analysis. Helv. odont. Acta 8: 147-153 (1964). 
Nicholson, C.R.; Mellberg, J.R.: Effect of natural 
fluoride concentration of human tooth enamel 
on fluoride uptake in vivo. J. dent. Res. 48: 
302-306 (1969). 
Relief, D.H.; Sorvas, P.G.; Bradley, E.L.; Taylor, 
R.E. ; Walker, A.R.: In vitro fluoride uptake, 
distribution and retention by human enamel 
after 1- and 24-hour application of various 
topical fluoride agents. J. dent. Res. 59: 
573-582 (1980). 
Robinson, C.; Weatherell, J.A.; Hallsworth, A.S.: 
Variation in composition of dental enamel 
within thin ground tooth sections. Caries Res. 
5: 44-57 (1971). 
Soremark, R.; Samsahl, K. : Gamma-ray spectro­
metric analysis of elements in normal human 
enamel. Archs oral Biol. 6: 275-283 (1961). 
Weatherell, J.A.; Hargreaves, J.A.: The micro­
sampling of enamel in thin layers by means of 
strong acids. Archs oral Biol. 10: 139-142 
(1965). 
Weatherell, J .A.; Robinson, C.: The inorganic 
composition of teeth; in Zipkin, Biological min­
eralization, pp. 43-74 (Wiley, New York 
1973). 
Weidmann, S.M.; Weatherell, J.A.; Hamm, S.M.: 
21 
Variations of enamel density in sections of hu­
man teeth. Archs oral Biol. 12: 85-97 (1967). 
A.G. Dijkman, MD, 
State University of Groningen, Dental School, 
Antonius Deusinglaan 1, 
9713 AV Groningen (The Netherlands) 
CHAPTER 3 
INFLUENCE OF HClO4 STRENGTH AND ETCHING TIME ON RATE OF 
ETCHING AND SURFACE ROUGHNESS OF HUMAN ENAMELt 
Abstract. The aim of this study was to compare the rate of etching and the surface 
roughness of HCIO4 etched enamel surfaces. The average thickness of the enamel layer 
removed is a l inear function of the total etching period (except for very short periods). 
The rate of etching (/3) in µm s- 1 with HC1O4 is strongly influenced by acid strength and 
stirring rate during etching; it is ""' 0.02, 0.06, 0. 1 8  and 0.74 µm s- 1 for 0.02, 0. 1 ,  0.5 and 
2.0 M HCIO4, respectively. f3 is a l inear function of the acid strength. Scanning electron 
microscopy (SEM) pictures of the specimens show that acid strength, etching time and 
chemical composition of the enamel are most l ikely important factors determining sur­
face morphology of etched enamel. A lower acid concentration gives a sharper etch; in­
creasing acid strength causes increasing surface roughness. 
3.1 Introduction 
F gradients in enamel can be measured 
by means of the acid etch technique. A 
common procedure is to determine the F 
content with a solid-state electrode and the 
layer thickness from the amount of cal­
cium in the etch solutjon. A sharp etch is 
of interest because an irregularly removed 
layer influences the fluoride profiles in 
enamel directly. In the literature numer­
ous authors have employed this technique 
using in general perchloric acid (HC1O4; 
in table I we have compiled recent investi-
gations. Unfortunately, different experi­
mental conditions like acid strength, etch­
ing periods and stirring methods have 
been employed. Most authors employed 
either 0.5 or 2.0 M perchloric acid. 
In this investigation the average depth 
of etching on untreated and polished 
permanent human enamel was determined . 
using 0.02, 0. 1 ,  0.5 and 2.0 M HCIO4, re­
spectively. A second aim was to compare 
the relative surface roughness caused by 
the acid. Scanning electron microscopy 
(SEM) pictures were made of the etched 
enamel surfaces for the various HCIO4 
tcaries Res . 1 6 :  in press (Karger , Basel 1 9 82) 
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Table I. Review of acid-etch technique of natu­
ral permanent human enamel 
Reference 
Cooley, 1 96 1  
Muhlemann e t  al. ,  1 964 
Stainm, 1 974 
Koritzeret al., 1 979 
Weatherell et al., 1 977 
Mellberg, 1 966 
Richardson, 1 967 
Aasenden et al., 1 968 
Concen­
trations 









Nicholsen and Mellberg, 1 969 0.5 
Arends and Schuthof. 1 975 0.5 
Tinanoffet al., 1 975 0.5 
Abrahams et al., 1 980 0.5 
Kalteret al., 1 980 0.5 
















0. 1 6  
0. 1 7  
0.09 
concentrations at a depth of about 2 and 8 
µm, respectively. In  a separate experiment 
the average depth of etching on polished 
permanent human enamel (using 0. 1 M 
HCI04) was determined for a comparison 
of the average thickness removed from 
natural and polished enamel surfaces. 
3.2 Materials and Methods 
In the first part of the study eight recently extract­
ed maxi llary central incisors were used. The buccal 
surface of each incisor was cut into quarters; they 
were divided at random into four test groups. The 
teeth were obtained from dentists in the Groningen 
area; after extraction they were stored in tap-water at 
4 "C. For the experiment the enamel of the buccal sur­
face was cleaned under running tap-water with a 
toothbrush for 60 s. All surfaces were examined un­
der a stereo microscope (magnification x I 0); sur­
faces with white spots or other visible defects were 
discarded. 
Rate nf Etching 
The technique employed was to remove five con­
secutive layers of enamel from the specimen by expo­
sure to 0.5-ml portions of  0.02, 0. 1 ,  0.5 and 2.0 M 
HCIO,, respectively. The etching was carried out un­
der standard conditions, always rotating the speci­
men at 1 00 rpm [Dijkman and Arends, 1982). The 
etching periods used for the different acid strengths 
are found in table 1 1 . They were chosen in such a way 
that after five periods about 25 µm were removed 
(this of course depends on the concentration). The 
thickness of the etched layers (de.) was calculated 
from calcium analysis using the standard technique 
of atomic absorption [ten Cate, 1 979] (assuming an 
average calcium content i n  enamel of 37.4 wt% and 
an average enamel density of 2.95 g cm-l) from the 
formula: 
weight of enamel WE in µg de, (µm) ---------------
2.95 x exposed surface area in mm2 
( I )  
From these data the rate o f  etching (P) can be calcu­
lated di rectly from: 
(2) 
in which t (s) is the actual etching period. 
In  the second experiment polished enamel was 
used to measure P without pellicle or chemical gra­
dients. In this part of the experiment seven incisors 
were used. Polishing was done under running tap­
water, using abrasive paper (SIA WAT, grit 600) and 
6-µm diamond paste. We estimate that the polishi ng 
procedure removed roughly 1 00-200 µm as measured 
from the anatomical surface. The etchi ng procedure 
was the same as described above. 
SEM Experiments 
Given the information from the preceding part, 
in a third experiment carried out on eight incisors, it 
was possible to remove a layer of enamel of a known 
thickness with a given HCIO, strength. The maxil lary 
incisors were divided into four  groups; the buccal 
surface of the incisors was cut in quarters. From each 
quarter of a tooth one enamel layer was removed 
using 0.02, 0. 1 ,  0.5 or 2.0 M HCIO,. Four dif erent 
etching periods were used, removing for 0.02, 0. 1 ,  0.5 
and 2.0 M HCIO, about 2, 4, 8 and 16 µm thick single 
layers, respectively. Dissolution of the specimen was 
stopped after a given period by rinsing in distilled 
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Table II .  Average depths of enamel removed by various strengths of HCIO, (n � 8)  
Acid strength Average layer thickness, µm (mean ± SD) 
[HCIO,], M 
layer l layer 2 layer 3 layer 4 layer 5 
0.02 0.8 ± 0.2 0.9 ± 0.2 1 .6 ± 0.3 3 . 1  ± 0.3 3.1 ± 0.5 
(45) (45) (90) (80) ( 1 80) 
0. 1 1 .7 ± 0.5 2.0 ± 0.3 4. 1 ± 0.3 7.3 ± 0.9 7.4 ± 0.9 
(30) (30) (60) ( 1 20) ( 1 20) 
0.5 1 .6 ± 0.2 1 .9 ± 0.3 3 .7 ± 0.2 7.0 ± 0.6 7.2 ± 0.7 
( I 0) ( 1 0) (20) (40) (40) 
2.0 1 .4 ± 0.4 1 .6 ± 0.2 4.3 ± 0.6 7.6 ± 0.7 7.5 ± 0.6 
(2.5) (2.5) (5) ( 1 0) ( 1 0) 
0. 1 ·  2.3 ± 0. 1 2.3 ± 0. 1  5 . 1  ± 0.4 9.8 ± 0.6 9.8 ± 0.6 
(30) (30) (60) ( 1 20) ( 1 20) 
Values in brackets are the etching periods in seconds. 
' Etching on polished enamel specimen. 
25 





0 60 120 240 
Etching time, s 
Fig. I .  The average thickness of the enamel layer 
(d,.) in  µm removed by etching with 0.02. 0. 1 .  0.5 and 
2.0 M perchloric acid solution as a function of the 
360 460 
etching time in seconds. The bars give the standard 
deviation. A l l  value� are averages of eight observa­
tions. 
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Fig. 2. The average rate of etching (/J) in µm s  I as 
a function of the HClO4 acid strength. The bars give 
water for 1 5  s. Subsequently, the speci mens were 
dried and prepared for SEM micrography. They 
were glued to aluminium stubs with an epoxy resin 
(Araldite), sputter-coated with gold and carbon, re­
spectively, and observed at various magnifications in 
a J EOL 35C scanning electron microscope at 25 kV. 
3.3 Results 
The average thickness of the enamel 
layers removed as a function of the total 
etching period is shown in figure 1 .  This 
figure shows for all HCIO4 concentrations 
used, a l inear time dependency. 
The rate of enamel removal is not l inear 
with time for very short etching periods. 
The results in table I I show that if we con­
sider the first and second enamel layer re­
moved (dca) in µm, the first layer removed 
in the natural enamel surface is always 
thinner than the second one for identical 
etching periods. Although not statistically 
significant, this phenomenon has previ­
ously been observed [A rends and Schuthof. 
2 0  
the standard deviation. All values are averages o f  
eight observations. 
Table I I I .  The parameters p (rate of etching) and 
t., for the various acid concentrations for permanent 
enamel surfaces 
Acid strength p, µm s- 1 t0, S 
[HC1O4], M (mean ± SD) 
2.0 0.72 ± 0. 1  0.5 
0.5 0. 1 8 ± 0.01 1 .5 
0. 1 0.06 ± 0.004 2.5 
0.02 0.02 ± 0.00 1 4. 1 
0. 1 ·  0.08 ± 0.003 2.0 
• Polished human enamel. 
1 975; Miihlemann et al., 1 964; Mellberg, 
1 966; A asenden et al . ,  1 968; Kalter et al., 
1 980). 
SEM Findings 
The surface roughness shown by the 
pictures in figures 3-6 are representative 
for the 0. 1 and 2.0 M HCIO4 concentra-
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Fig. 3. Scanning electron micrographs (SEM) of 
enamel surfaces exposed to 0. 1 M HCIO4 acid for 30 s 
Fig. 4. SEM micrographs of enamel surfaces also 
e,posed to 0. 1 M HCIO, acid for 1 20 s (dc , "" 8 µm ) 
b 
b 
(dc, -2 µm); a and b are two typical examples of two 
teeth. The bar is 5 µm. 
under the same conditions as figure 1 ;  a and b are two 
typical examples of two teeth. The bar is 5 .um. 
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• 
Fig. 5. S E M  micrographs of enamel surfaces ex­
posed to 2.0 M HCI04 acid for 3 s (dc. ""' 2 µm); a and 
a 
Fig. 6. SEM micrographs of enamel surfaces ex­
posed to 2.0 M HCl04 acid for 12 s (dc-, .. 8 µm); a and 
b 
b are two typical examples of two teeth. The bar is 5 
µm. 
b are two typical examples of two teeth. The bar is 5 
um. 
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lion. The pictures were made from the 
buccal surface after removal of an enamel 
layer of about 2 or 8 µm thick. 
3.4 Discussion 
Rate of Etching (/3) 
The experimental results plotted in fig­
ure I show that enamel dissolution is, for 
al l  acid strengths investigated, a linear 
function of time t [ Muhlemann et al., 1 964; 
Weatherell and Hargreaves. 1 965; Arends 
and Schuthof. 1 975). We may denote the 
dissolution by the formula 
dca = 8 ( t - to) (3) 
in which t0 and /3 are constant for a given 
acid strength and rate of  stirring. If we ex­
trapolate the data to time zero, both for 
untreated and polished human enamel, 
the l inear plot does not pass the origin. 
Behaviour and origin of the constant t0 
wil l  be discussed i n  a separate paper. The 
slope of the l ines in figure I is the enamel 
rate of etching /3; i t  is approximately 
0.02 ± 0.00 I ,  0.06 ± 0.004, 0. 1 8  ± 0.0 I and 
0.74 ± 0. 1  µm s- 1 for 0.02, 0. 1 ,  0.5 and 2.0 
M HCIO4, respectively. 
A least-square fit of figure I to the 
experimental points yields t0 and /3 values 
given in table I I I .  
The rate of etchi ng (/3) is reasonably in  
agreement with the  value of Muhlemann et 
al. [ 1 964], Mellberg [ l 966], Abrahams et al. 
[ 1 980], and Kalter et al. [ 1 980] for 2.0 and 
0.5 M HCIO4 concentrations (table I) . 
Most likely, differences between authors 
are caused by differences in the stirring 
rate and the consecutive rinsing with dis­
ti l led water or a buffer solution. 
The stirring rate is of noticeable influ­
ence; in  a pilot study on bovine enamel the 
dissolution rate increases by a factor of 1 .3 
by changing the agitation from I 00 up to 
250 rpm. 
Acid Strength 
The acid strength strongly influences 
the rate of etching. Figure 2 shows a plot 
of the acid strength [A] versus the dissolu­
tion rate {3. The experimental data strongly 
suggest that we may write 
/3 = Ca [A], (4) 
in which CJ is a constant equal to 
0.35 ± 0.0 I µm s- 1 • mol- 1 • 
The constant Ca depends only on the 
rate of stirring ( I 00 rpm in this experi­
ment). The data show that dca versus time 
is l inear over a large concentration range. 
Formula 4 is of considerable practical im­
portance. Once the constant Ca i s  known, 
and the acid strength chosen, a given aver­
age layer thickness removed from the 
enamel can be calculated for al l  t values. 
The l inearity of dca versus t indicates that 
the presence of dissolved enamel in the 
etch solution does not measurably influ­
ence the pH (this has also been verified 
experimentally) even at the lowest acid 
strength used. Furthermore, it indicates 
that HCIO4 is a nearly ideal acid for enam­
el etching because it  is completely disso­
ciated even up to a strength of 4 M [ Gmel­
in, 1 969]. 
SEM Findings 
Figures 3-6 show that the etched enam­
el surfaces are dissolved leaving different 
etching patterns and surface roughnesses. 
Variations in surface morphology fol­
lowing treatment with several acid solu-
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tions, examined by scanning electron mi­
croscopy, are described by Gwin net [ 1 97 1  ] , 
Silverstone et al. [ 1 975), and Tyler [ 1 976). 
These studies on lactic, phosphoric and 
hydrochloric acid solutions showed etch­
ing patterns in which there was either a 
preferential dissolution of intraprismatic 
or interprismatic material ;  both patterns 
have been produced by the same acid solu­
tion. 
These phenomena are caused by ( I )  
chemical compos1t1on differences of 
enamel, e.g., fluoride content, amount of 
organic material etc., (2) time of etching, 
and (3) acid strength. Three stages can be 
distinguished in general: 
(a) For a short interaction period the acid 
produces a non specific roughness of 
the enamel (fig. Sa, 6a). 
(b) Subsequently the surface morphology 
is determined by the relative acid re­
sistances of the inter- and intrapris­
matic areas. In some cases the inter­
prismatic area is most resistant (fig. 
3a),  in other cases the intraprismatic 
area (fig. 3b). This effect is most l ikely 
controlled by point 3 mentioned 
above. 
(c) For sti l l  longer periods the etching 
patterns change always to an interpris­
matic penetration pattern presented in 
figures 4b and 6b. 
In agreement with Silverstone et al. 
[ 1 975) our results suggest that there is no 
specific etching pattern in permanent hu­
man enamel by the action of HCIO4• Al­
though the etch patterns are not predict­
able, the trend is that a lower concentra­
tion gives a sharper etch. Increasing the 
acid strength results in increased interpris­
matic dissolution and an increased surface 
roughness. 
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CHAPTER 4 
FLOORIDE DETERMINATION 
Detenninati.on of the F distribution in sound enarrel is usually done by the 
acid etch technique [Weatherell and Hargraves, 1965]. 
After exp::,sing a defined enarrel area for a given period to an acid, the F 
content in the liquid is rreasured with a solid state F electrcrle; the layer 
thickress rerroved can be determined frCl'\'I the arrount of calcium in the etch 
solution [McCann, 1968]. 
Fig. 1 ,  Schematic representation of 
the acid e·tch technique using stand­
ardized agitation. An ename Z bZock 
connected to rod R rotates in the acid 
P; after a given period the e tching is 
stopped by a buffer soZution added by 
means of a pipette . 
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4 . 1  In this study the follc,,J­
ing procedure was en;:iloyed for 
the determination: rectangular 
enarrel blocks ootained frt:m in­
tact permanent human incisors 
and nolars were treated as fel­
la-JS: the enarrel surface was 
cleaned by brushing with a tooth­
brush and tap water for 30 s. The 
blocks v.ere covered with nail 
varnish except for a rectangular 
windav, usually about 12 rnn2 • 
Subsequently, the si:;ecirrens were 
fixed with sticky wax to a rod 
(R) connected to a stirring de­
vice (fig. 1) . 
During etching in 0 . 5 ml 0 .1 M 
perchloric acid, the enarrel block 
was rotated at constant speed 
(100 rµn) in a polyethylene jar, 
size !1 14 nm (Kartell) . After a 
given period (30, 30, 60, 120 
and 120 sec, resp. ) etching was 
stopped by adding 2 ml O .1 M tri­
sodium citrate solution; a final 
pH value of 5 .6 was d:Jtained in 
the resulting solution. After an 
etch the specimen was washed in 
distilled water for about 3 sec 
and air dried during 5 min be­
fore the next layer was removed. 
Fluoride deten.ti.nation : '!he 
fluoride concentration in the 
solution ( P) was rreasured di­
rectly with a specific ion 
fluoride electrode (Orion Re­
search, Inc.) . The neasuring set 
up consisted of six corrbination 
electrodes (Orion, 96-09) con­
nected by a manual electrcde 
switch (Orion, 605) to an ex­
pan<Ed scale millivoltmeter 
(Orion, 401) , (fig. 2) . 
Calibrations of the apparatus 
were done daily with starrlard 
fluoride solutions, containing: 
0.02, 0.05, 0.1, 0.5 and 1.0 
ppn F ;  the millivoltrreter was ad­
justed on the scale using O .1 ppn 
F solution. Reading-s were made 
after � 15 min adjusting tine. 
Fig. 2 .  Photograph of the measuring 
set up of the fluoride combination e lec­
trodes , manual e lectrode switch and 
mi Uivo l tmeter . 
Preparation of standard fluoride solutions : 22 .1 mg NaF (M:rck) was dis­
solved in 1000 ml distilled water . From this stock solution (containing 10 
ppn F) 1. 0, 2. 5, 5, 25 or 50 ml were added to 10 ml 1 M perchloric acid and 
40 ml 1 M trisodium citrate; the total mlurre was 500 ml at Efi 5. 6. 
Errors : The F- concentration range in the etch solutions was about O .04 -
0 . 6 ppn F. The s tarrlard deviation for the exparrled scale millivolt readings 
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Fig. 3 • PZot of the fl,uorida concen­
trations (in the standard soZutions ) as 
a function of the average mi7,7,ivo7,t 
readings for five col1'UJination e Zectrodes. 
uf about 2 . 2% ,  at the highest 
range ( 1 .0 pµn F) 0 . 8% . 
Figure 3 shONS the accuracy of F 
determinations . We have plotted 
the log of the F a:mtent in ppn 
(standard solutions) versus aver­
age millivolt readings (expanded 
scale) for the five conbination 
electrcrles used . 
The reproducibility and accuracy 
of the F determination procedure 
is very good; the relative error 
is about 2 percent.  '!his is in 
agreerrent with previous results 
of .McCann [ 1968] ; reporting that 
with F electrodes a fluoride 
concentration could be deteilllin­
ed with a SD of about ± 2 per­
cent . 
4 . 2  Procedure for the F
0n 
deteilllination : '!he deteillli.na­
tions 'Here dare with the set up 
described above . After KOH ex-
traction as described by Cas­
lavska et al . [ 1975 ]  the KOH solution was neutralized with 1 ml 1 M HN:>3 and 
buffered with 1 ml 1 M trisodi'Ll!I citrate ; after addition of both buffer and 
acid the final Iii was 5 .7 .  '!he calibration gram was slightly different from 
figure 3.  
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CHAPTER 5 
FLUORIDE DEPOSITED BY TOPICAL APPLICATIONS IN ENAMELt 
KOH-so lub le and acqui red fluori de 
Abstract. A single topical treatment with three different fluoride-containing systems 
on human enamel resulted both in an enrichment of the F content in the enamel and an 
accumulation of F reaction products on the enamel surface. The aim of this study was 
to quantify the fluoridation of an APP gel and two F-containing lacquers and to measure 
the amounts of KOH-soluble fluoride and acquired fluoride separately. Blocks of intact 
enamel were treated with the topical agents and subsequently exposed to 1 M KOH for 
24 h. No measurable amount of fluoride was dissolved from the control specimens of 
intact enamel by this treatment. Results are presented from experiments with the three 
different fluorides applied to natural surfaces of the same tooth. The amount of fluoride 
in the KOH solutions for the APF gel and Duraphat® was comparable (= 20 µg · cm-2) ;  
Fluor Protector® deposited more than twice this amount. The layer thickness of CaF2 
based on KOH-soluble fluoride was quantified. The acquired amount of fluoride in the 
enamel after exposure to KOH was not related to the pH value of the agent nor to the 
total amount of fluoride deposited on and in the enamel. The total amount of aquired 
fluoride in the enamel - 30 µm thick layer - was 4, 9 and 10 µg · cm-2, respectively, for 
APF gel, Duraphat and Fluor Protector; the total amount of KOH-removable fluoride and 
acquired fluoride in the specimens was 28, 38 and 60 pg · cm-2, respectively. The contact 
time plays a dominant role in the fluoridating effect in deeper layers (5-30 µm) in the 
enamel as well as for the amount of CaF2 deposited in the enamel surfaces for agents at 
the same pH value. 
SJ Introduction 
Topical fluoride treatments inhibit dental 
caries by means of fluoride deposits on and 
fluoride incorporation in dental enamel. 
The reduction in dental caries increments as 
well as an increase of acquired fluoride in 
and on human enamel from topical treat-
ments is well established for both in vivo 
and in vitro experiments [Wellock and Bru­
devold, 1963 ; Englander et al., 1967; Mar­
thaler et al., 1970; Heifetz et al., 1970; Ho­
rowitz, 1971 ;  von Heuser and Schmidt, 
1968; Koch and Petersson, 1972; Stamm, 
'i'Caries Res . 1 6 :  1 47- 1 55 (Karger , Bas e l  1 9 82) 
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1974; Arends and Schuthof, 1975; Riethe et 
al., 1977] . 
Application of acidified topical agents to 
tooth surface dissolves some enamel and con­
comitantly precipitates fluoride-containing 
reaction poducts [e.g., Brudevold et al., 1963, 
1965; Aasenden et al., 1968; Caslavska et 
al., 1975; Hellstrom and Ericsson, 1976]. 
A considerable portion of the fluoride 
deposited, however, in vitro leaches away in 
the first 24 h [Mellberg et al., 1966; Ri­
chardson, 1967; Arends and Schuthof, 
1975; Baud and Bang, 1970; Retie! et al., 
1980] . According to Brudevold et al. 
[1965] , the major reaction product accumu­
lating from acidulated topical agents con­
taining NaF is most likely precipitated cal­
cium fluoride (CaF2). If the effectiveness of 
a topical treatment is due to the amounts of 
fluoride incorporated in the enamel, a quan­
tification of both the amount of fluoride in 
the enamel and the amount of calcium fluo­
ride formed is of considerable interest for 
the expected reductions in caries incidence 
[Brudevold et al., 1967] . 
The 'fluoride in the enamel' is the ac­
quired fluoride not removed by the KOH 
treatment; 'fluoride on the enamel' is meant 
as fluoride on the most outer part of the en­
amel removable by KOH treatments; for ac­
idic treatments the main amount of fluoride 
on the outside of the enamel will be in the 
form of CaF2, a small part could be either 
free F-, attached loosely to protein or ad­
sorbed to crystallite surfaces. 
The purpose of this study was therefore 
to compare the amount of calcium fluoride 
deposited on the enamel surface and the ac­
quired amount of fluoride in the enamel for 
a typical APF gel and two topical fluoride­
containing lacquers after one single treat­
ment. 
52 Materials and Methods 
Ten recently extracted molars were obtained 
from the department of Oral Surgery, Groningen, 
Dental School, and stored in tap water at 4 °C. 
When the teeth were used, the enamel of the buc­
cal, lingual and approximal surfaces was cleaned 
for 60 s under running tap water with a tooth 
brush. All surfaces were examined under a stereo­
microscope (magnification X 10); surfaces with 
restorations, cavities, white spots or other visible 
defects were discarded. The molars were cut per­
pendicular to the occlusal surface, diagonally in 
quarters by means of a water-cooled diamond­
coated circular saw, as shown in figure 1.  
From the buccal, lingual and approximal sur­
faces of the molar crowns, rectangular blocks 
were cut with an enamel surface of about 
18 mm2• The exposed surface area was deter­
mined for each enamel block by precision mi­
crometer measurements of 10 X microscopic mag­
nification, with an accuracy of about 30/o [Arends 
and Schuthof, 1975]. From each molar the enamel 
blocks were chosen at random: three of the blocks 
were treated, the fourth was used as a control. 
The following topical fluoride-containing agents 
were employed: (a) Duraphat®, (ICN Pharma­
ceutical GmbH & Co., Eschwege, FRG; lot 
Nr. 7769), consisting of 5 wtO/o NaF in a natural 
colophonium base; (b) an APF gel (Medinos fluo­
ride gel; Intradal, Amersfoort, The Netherlands; 
lot Nr. 48.5002), consisting of 1.230/o F in NaF 
and 0.1 M H3PO, at pH 4; (c) Fluor· Protector® 
(Vivadent, Schaan, Liechtenstein; lot Nr. 42.07.77), 
consisting of about 2 wtO/o difluorosilane (0.7 mg 
F/ml) in a polyurethane polymer [Arends and 
Schuthof, 1975]. 
The fluoride applications were carried out by 
painting carefully the agents on the outer enamel 
surface only under a stereomicroscope taking care 
that cut surfaces were not treated. The lacquers 
were applied as a thin layer about 0.2 mm thick; 
after application of the lacquers the specimens 
were stored in a moist environment at 37 °c for 
24 h. After this period the material was removed 
with a scalpel. The APF gel was applied in a layer 
of about 2 mm on the enamel surface for 5 min; 
subsequently, these specimens were washed for 
30 s under running tap water. A stereomicroscope 
(magnification X 10) was used to ensure the com-
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Fig. 1. Representation of samp,le preparation 
in top view; from each quarter one enamel block 
was obtained. The fluoride applications were done 
on three surfaces, either the buccal, lingual and/or 
approximal surfaces. 
plete removal of the agents, then the specimens 
were stored at 1000/o relative humidity at 22 °c 
during 24 h. 
CaF2 Determination 
After application and cleaning procedures the 
amount of KOH-soluble F on the enamel was esti­
mated according to the method described by Cas­
lavska et al. [1974). Each enamel block was im­
mersed in 1 ml of 1 M KOH solution in a polyeth­
ylene bottle for 24 h under gentle agitation 
(100 rpm) at 22 °C. After this period the alkaline 
solution was neutralized with 1 ml 1 M HNO3 and 
buffered with 1 ml 1 M trisodium citrate; after ad­
dition of both buffer and acid the pH was 5.7. 
Subsequently, the specimens were rinsed under 
distilled water and stored in moist environment. 
The fluoride concentration in the solutions was 
determined by direct analysis with a battery of six 
combination fluoride electrodes (Orion, 96--09) 
connected by way of a manual electrodes switch 
(Orion, 605) to an expanded scale millivoltmeter 
(Orion, 401). The apparatus was calibrated daily 
with standard, buffered fluoride solutions contain­
ing 0.02, 0.05, 0.1, 0.5 and 1.0 ppm F. The con­
centration range of fluoride in the solutions ana-
lyzed was 0.04-4.5 ppm F. The amount of CaF2 
in micrograms was calculated using the relation: 
WcaF2 (pg) = 2.055 WF, in which WF is the weight (ug) of fluoride in the solution. The thick­
ness of the layer of CaFz deposited on the topical 
treated enamel surface can be approximated from 
the formula: 
WcaF2 (g) dcaF2 (cm) = ----------, 3 . 1 8  x exposed area (cm2) 
3.18 being the calcium fluoride density. 
Determination of Acquired F- after KOH 
Treatment 
After KOH extraction all enamel blocks were 
covered with nail varnish leaving exposed the rec­
tangular enamel surface area. Five successive lay­
ers of enamel were etched away by exposing the 
enamel blocks to 0.5-ml portions of 0.1 M HCIO, 
acid for 30, 30, 60, 120 and 120 s, respectively, 
under standardized agitation as described pre­
viously [Dijkman and Arends, 1981]. The fluoride 
concentration in the solution was determined by 
direct analysis in the apparatus described above. 
The concentration range of fluoride in the etch 
solutions analyzed was about 0.04-0.45 ppm F. 
From the F- determination the amount of fluo­
ride (W1F) in an enamel layer removed during 
etching was obtained. Calculation of the F- con­
tent in ppm in the enamel was done with the rela­
tion: ppm F = 106 W 1FIWE, WE being the weight 
of the enamel layer removed. 
The average thickness of the enamel surface 
layer removed by an etch was calculated by chem­
ical depth (dca) calculation, using the weight of 
the dissolved calcium in the etch solutions; the 
amout of calcium was determined by atomic ab­
sorption spectroscopy (Perkin Elmer 370), and the 
thickness of the layer was calculated assuming an 
average calcium content of 37.4 wtO/o and an aver­
age enamel density of 2.95 g-cm-3 as previously 
described [Dijkman and Arends, 1981]. 
In a separate experiment the effect of KOH 
treatment on the subsequent F determination was 
studied. Five recently extracted molars were cut in 
rectangular enamel blocks as described above; 
from each molar two blocks were KOH-treated, 
one served as control. After KOH extraction all 
enamel blocks were analyzed for F content and 
etch depth, as described above. 
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5.3Results 
Fluoride on the Enamel; KOH-Soluble F 
The amounts of fluoride removed by the 
KOH treatment are given in table I. The 
amount of fluoride analyzed in the KOH 
solution after 24 h agitation with the enamel 
blocks was higher for Fluor Protector than 
for Puraphat or Medinos fluoride gel ; Fluor 
Protector produced more than twice as 
much KOH-soluble F than the other agents. 
The fluoride values (in /-lg·cm-2) for Medi-
nos fluoride gel and Duraphat were compa­
rable. 
The KOH treatment resulted in the con­
trol group in an F amount measured of 
1.1 µg·cm-2 enamel surface. This amount 
is in the order of the detection limits of the 
method adopted in the present investigation 
and has no noticeable influence on the data 
in table I. 
According to Caslavska et al. [1975], the 
concentration of the fluoride in the KOH 
solution reflects directly the CaF2 content. 
Table I. F leached out by KOH from enamel surfaces following treatment with various fluoridating agents 
after a single application" 
Treatment Weight offluoride 
µg · cm-1 
Calculated layer 
thickness (µm) of CaF1 
Thickness (µm) of CaF1 
layer< 




24.7 ± 5.9" 
20.4 ± 1 .9 
53.0 ± 1 4.4 
I . I  ± 0.6 
·' Number of specimens: I 0. 
" Mean ± SD values. 
c Estimated from S IMS analysis [Arends et al., 1 980]. 
Table II. Average etching depth 1 
Etching period, s de., µm (mean ± SD) 
control 1 2 Medinos gel 
30 (layer I )  2.5 ± 0.3 2.2 ± 0.2 
30 (layer 2) 2.7 ± 0.2 2.5 ± 0.2 
60 (layer 3) 4.9 ± 0.4 4.7 ± 0.4 
1 20 (layer 4) 9.2 ± 0.7 9. 1 ± 0.8 
1 20 (layer-5) 9.5 ± 0.7 9.2 ± 0.9 
Number of specimens in  all cases: 1 0. 
0. 1 6  
0. 1 3  
0.34 
Duraphat 
2.4 ± 0.3 
2.5 ± 0.2 
4.7 ± 0.2 
9. 1 ± 0.4 
9.2 ± 0.9 





2.5 ± 0. 1 
2.6 ± 0. 1 
4.7 ± 0.3 
9.2 ± 0.6 
9.3 ± 0.6 
3 'Control I I' are data from enamel not pretreated with KOH [Dijkman and A rends, 1 98 1 ]. 
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control I P  
2.9 ± 0.5 
3. 1 ± 0.4 
5.8 ± 0.7 
1 0.6 ± 1 .8 
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Fig. 2-4. Schematic representation of  the mea­
sured mean-fluoride content in five enamel layers 
for Medinos fluoride gel (fig. 2), Duraphat (fig. 3) 
and Fluor Protector (fig. 4). The shaded columns 
represent the increase in fluoride content during 
application (firmly bound); the F concentrations 
originally present (obtained from the control spec­
imens) are represented in the open columns. Bars 
indicate the standard deviations (n = 10). 
The calculated thickness of the calcium 
fluoride layer ( dcaF2) for the test group is 
given in table I as well. If we denote by 
dcaFl! the layer thickness calcium fluoride on 
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dcaF2 (Fluor Protector) > dcaF2 (Medinos gel) > 
dcaF2 (Duraphat). 
Fluoride in the Enamel; 
F Determinations after KOH Treatment 
After KOH extraction thin layers of en-
amel were etched away as described above. 
For simplicity, the enamel layers removed 
after 30, 30, 60, 120 and 120 s will be de­
noted by layers 1-5 ; the mean fluoride con­
centrations in ppm p- found by analysis of 
the HCIO, solutions in layers 1-5 in the 
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form in figures 2-4. The average thickness 
of the enamel layers removed (table II) is 
nearly independent of the F content present; 
this agrees with previously published data 
[Arends and Schuthof, 1975]. 
A separate experiment has been car­
ried out on the correlation between the etch 
depths (dca) of sound and KOH-treated 
sound enamel; neither in etch depth nor in 
fluoride gradient in the enamel specimen 
significant differences were found between 
KOH-treated and untreated sound enamel. 
The acquired p- (ppm) in the enamel blocks 
for the various agents in layers 1-5 is pre­
sented schematically in figures 2-4. These 
block diagrams show several interesting 
phenomena: 
(i) the amounts of fluoride in the first 
layer (= 2.5 /tm thick) were comparable 
for all three treatments; 
(ii) in the second layer (about 5 µm 
from the surface) the fluoride level of the 
two lacquers was comparable; the APF gel 
introduced significantly less fluoride; 
(iii) for deeper layers (if we denote by 
[F] the total amount of fluoride measured in 
the enamel), we observed 
[F]Fluor Protector > [F]ouraphat > [F]APF gel. 
5.4 Discussion 
From the results it is obvious that the 
three fluoridating systems both produce 
fluoride on and in the enamel. The expres­
sion 'F on the enamel' actually is meant as 
fluoride on the most outer part of the enam­
el removable by KOH treatments. The 
'fluoride in the enamel' is acquired fluoride 
not removed by the KOH treatment. This 
definition is in agreement with the detailed 
penetration profiles from different topical 
fluoride agents for permanent teeth [Arends 
et al., 1980] showing that for, e.g., Fluor 
Protector the borderline between 'on enam­
el' and 'in enamel' is about 0.5 µm from 
the most outer enamel surface; for Dur­
aphat this line is about 0.1 µm from the 
outer surface (table I). 
KOH Treatment 
If we consider firstly the fluoride extract­
ed by the KOH procedure, the results show 
that the amount of fluoride from the control 
is small and in the same order as the stan-
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Table Ill. The amounts of fluoride deposited on and penetrated (30 µm) in the enamel after various topical 
treatments 1 
Treatment Fluoride, µg • cm·1 (mean ± SD) Ratio 
Wh,,.IW1 ,n 
on the enamel in the enamel 




24.7 ± 5.9 
20.4 ± 1 .9 
53.0 ± 1 4.4 
I . I ± 0.6 
Number ofspecimens: 1 0. 
total amount 
in layers 1 -5 
1 0. 1  ± 2.4 
1 4.8 ± 3. 1 
1 5.9 ± 1 .3 
5.9 ± 1 .4 
<lard deviation. This shows that the uncov­
ered cut surfaces (partly dentine) do not 
contribute measurably to the CaF2 determi­
nations. The authors estimate that the 
amount of fluoride not bound as CaF2 in 
the form of p- attached to the organic ma­
trix of the enamel and the adsorbed F- to 
the outer crystallite surfaces (in the most 
outer layer of 0.1 µm thickness of the en­
amel) is less than 0.5 µg·cm-3• This 
amount is completely negligible as com­
pared to the values given in table I. For 
completeness we note that nail varnish dis­
solves in KOH. 
In agreement with calculations of Cas­
lavska et al. [1975] the experimental data of 
the KOH treatment indicate that no statisti­
cally significant differences exist between F 
content in sound enamel and KOH-treated 
sound material; furthermore, untreated and 
KOH-treated enamel give nearly identical 
etch depth profiles. 
Fluoride Deposited on Enamel 
The total amount of fluoride deposition 
for Fluor Protector, Duraphat and Medinos 
total amount 
in layers 1 -5 
acquired 
4.2 ± 2.8 
8.9 ± 3.4 
1 0.0 ± 1 .9 
total acquired 
both on and in 
the enamel 
27.8 ± 6.5 
28.2 ± 3.8 




gel treatment is roughly 2:1 :1 (table III). As 
far as the calcium fluoride thickness is con­
cerned, dcaF2 is calculated with the aid of the 
density value of 3.18 g·cm-3 for CaF2 in a 
crystalline state. In practice, calcium fluo­
ride is most likely deposited in a much more 
'fluffy' layer; the real layer thickness may 
be somewhat larger. The numerical data in 
table I are in line with the F uptake above 
the fluor apatite level in the near-surface re­
gion observed by Arends et al. [1980] with 
CaF2 curves in depth of the same order of 
magnitude for Fluor Protector- and Dura­
phat-treated specimens. Furthermore, the 
results of Arends et al. [1980] are from a 
quantitative point of view in agreement with 
the calculated amounts of CaF2 (.ug· 
cm-2) ;  weight CaF2Fluor Protector > weight 
CaF2Duraphat• 
Layer Thickness etched off 
The average layer thicknesses removed by 
the acid for the various treatments (as 
shown in table II) are comparable to each 
other and not significantly influenced by the 
KOH treatment. For completeness we have 
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incorporated in  table II the data of enamel 
not pretreated by KOH [to be published by 
Dijkman and Arends, 1981]. 'Control I' are 
data pertaining to the KOH-treated enamel; 
'control II' are data from enamel not pre­
treated with KOH. The data show no sta­
tistically different etch depth for KOH­
treated and untreated specimens. 
In table III we have compiled the flu­
oride data both on and in the enamel after 
the three treatments. In columns 3 and 4 of 
this table the total amount of fluoride in the 
enamel has been calculated up to a depth of 
30 µm due to the treatments. The acquired 
amount of fluoride in the enamel up to a 
depth of 30 ,um is for the Medinos gel, Dur­
aphat and Fluor Protector about 4, 9 and 
10 ,ug·cm-2, respectively. 
In column 5 of table III the total amount 
of fluoride deposited on and penetrated in 
the enamel is given. In this respect, Fluor 
Protector was most efficient; if we denote by 
WFon and WFin the amount (µg·cm-2) of 
fluoride acquired on and in the enamel, the 
ratio WFon/WFin for Medinos gel, Duraphat 
and Fluor Protector was about 6:2:5, re­
spectively. For efficiency with regard to giv­
en amounts of fluorides it is important to 
consider these ratios. 
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CHAPTER 6 
COMPARISON OF FLUORIDE UPTAKE BY HUMAN ENAMEL FROM ACIDULATED 
PHOSPHATE FLUORIDE GELS WITH DIFFERENT FLUORIDE CONCENTRATIONSt 
Acidulated phosphate fluoride (APF) 
gels are frequently used in caries prevention 
[De Paola et al., 1980; Mainwaring and 
Naylor, 1978 ;  Mellberg et al., 1973, 1977; 
Trubman and Crellin, 1973 ;  Horowitz and 
Doyle, 1971; Englander et al., 1969]. In 
general, APF gels for topical applications in 
clinical or home care contain fluoride con­
centrations of about 1.20/o F and have a pH 
value of 3-4. The APF gels on the market 
are similar because they all follow the Bru­
devold formulation [Brudevold et al., 
1963] . In the clinical situation the gels are 
often used in disposable application trays. 
The exposure time in the mouth ranges 
from 4 to 6 min and it has been recom­
mended that the gel be applied 2-4 times a 
year [Silverstone, 1976] . For daily topical 
sodium fluoride application over a period of 
years an APF gel with lower fluoride con­
centration than 0.50/o (1.10/o NaF) has been 
used by Mellberg et al. [1967] and England­
er et al. [1967] ; to decrease the treatment 
frequency the fluoride concentration was in­
creased to 1.230/o. 
This short communication presents data 
of a study in which the fluoridating effects 
of APF gels containing 0.1 M orthophos­
phoric acid at a pH of 4, with a fluoride con­
tent of 0.11, 0.23, 0.45 or 1.230/o F are 
compared after one single treatment (these 
gels were kindly prepared for this experi­
ment by Intradal, Amersfoort, the Nether­
lands; lot No. 80-607). Both the amount of 
KOH extractable fluoride and the amount 
of fluoride after KOH extraction have been 
determined (for simplicity we define these 
two amounts as fluoride on the enamel and 
fluoride in the enamel, respectively). The 
experiments were carried out on 15 teeth 
originating from 1 patient (48 years old), 
needing a complete dental prosthesis for 
periodontal reasons; 24 enamel blocks were 
obtained as described by Dijkman et al. 
[1981]. The cut surfaces were covered with 
blue inlay wax (Kerr, type I) leaving the en­
amel surface exposed. Subsequently the 
specimens were immersed in the APF gels 
(pH 4) at 22 °C for 5 min. After application 
the blocks were rinsed under running tap 
t caries Res .  1 6 :  1 9 7-200 (Karge r ,  B asel  1 9 82)  
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water for 30 s for a complete removal of the 
gel. Subsequently the amount of KOH solu­
ble F on the enamel surface was estimated. 
The experimental details of the KOH treat­
ment and following F determination of the 
enamel have been described in detail pre­
viously [Dijkman et al., 1981] . After KOH 
extraction all enamel blocks were cleaned 
and the cut surfaces coated with nail var­
nish; thin layers of enamel were etched 
away and F content and layer thickness 
measured. The enamel layers removed after 
30, 30, 60, 120 and 120 s, respectively, in 
0 .1 M HC1O4, will be denoted as layers 
1-5. 
Fluoride on the enamel,· KOH soluble 
fluoride. 'fhe amounts are given in table I. 
The fluoride values analyzed in the KOH 
solution for the APP gels containing 0 .11 ,  
0.23, 0.45 and 1 .230/o F are comparable. 
Fluoride in the enamel; F determination 
after KOH treatment. The mean fluoride 
content in ,ug·cm-2 enamel surface found 
by analysis of the HCI04 solutions in layers 
1-5 from the various gels is also presented 
in table I. The average thickness of the en-
Table I. The average amounts of nuoride ( ±  SD) deposited on and penetrated (30 µm) in enamel after a 
single APF gel treatment (n = 6) 
Treatment Fluoride, µg , cm-2 
on the enamel 
1 .23% F gel 1 4.5 ± 4.5 
0.45% F gel 1 4.6 ± 6.9 
0.23% F gel 1 9.7 ± 7.3 
0. 1 1 %  F gel 20.2 ± 3.2 
Control 3 . 1 ± 0.4 
in the enamel 
total amount 
in layers 1 -5 
6.5 ± 0.4 
4. 1 ± 2.2 
6.0 ± 3.2 
4.2 ± 2. 1 
4.4 ± 2.3 
total amount in 
layers 1 -5 with 
respect 
to control 




total acquired both 
on and in the enamel 
1 3 .5 ± 5.0 
1 1 .2 ± 7.6 
1 8 .2 + 8.3 
1 6.9 ± 4.6 
Table II. The measured mean nuoride content ( ±  SD) in five enamel layers for the various single APF gel 
treatments after KOH extraction (n * 6): dca is the layer thickness 
Treatment Layer I Layer 2 Layer 3 
ppm F dca, µm ppm F dc •• µm ppm F dca, µm 
1 .23% F gel 1 ,637 ± 38 2 .2  ± 0. 1 1 , 1 74 ± 72 2.4 ± 0. 1 992 ± 86 5.0 ± 0.2 
0.45% F gel 1 ,278 ± 847 2.2 ± 0.2 829 ± 503 2.6 ± 0.3 6 1 8  ± 422 4.7 ± 0.4 
0.23% F gel 1 ,560 ± 924 2.4 ± 0.4 1 , 1 44 ± 694 2.5 ± 0.5 925 ± 556 4.8 ± 0.7 
0. l 1 % F gel 839 ± 386 2.6 ± 0.2 640 ± 322 2.9 ± 0.2 495 ± 257 5.2 ± 0.3 
Control 1 , 1 90 ± 494 2.0 ± 0.2 82 1 ± 387 2.2 ± 0. 1 645 ± 382 4.7 ± 0.4 
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amel layers removed (see table II) was 
found to be in agreement with previously 
published data [Arends and Schuthof, 1975] 
and was nearly identical for treated and 
nontreated specimens. The fluoride content 
in ppm in the enamel blocks for the various 
gel preparations in layers 1-5 compiled in 
table II shows, within the errors given, 
nearly identical values per layer for the test 
groups treated with gel containing 0.23, 
0.45 and 1.230/o F. As determined with the 
Student's t test the amount of acquired F 
measured in the enamel is statistically sig­
nificant only with the 1.230/o F gel (p < 
0.05). 
APF gels with relatively high F concen­
trations usually ranging from 0.5 to 1.230/o F 
are known as successful topical fluoridat­
ing agents. Deposition of fluoride in intact 
enamel after 4 min applications of 0.1 M 
H3PO4 solutions ranging in F content from 
0.5 to 1.50/o F were investigated by Ohmori 
et al. [1964] ; the uptake of F in the enamel 
was of the same magnitude for all these sol­
utions. This is in very good agreement with 
our data showing that the total amount of 
fluoride deposited both on and in the enam­
el for the 0.1 1, 0.23, 0.45 and 1.230/o F con­
taining gels is comparable. 
Layer 4 
ppm F dca, µm 
666 ± 77 9.7 ± 0.8 
493 ± 326 9. 1 ± 0.7 
642 ± 355 8.9 ± 0.8 
462 ± 232 I O. I  ± I . I  
427 ± 273 9.7 ± 1 .4 
Layer 5 
ppm F 
428 ± 60 
308 ± 1 53 
406 ± 1 95 
302 ± 1 28 
326 ± 1 58 
dca, µm 
9.7 ± 0.3 
9.6 ± 0.3 
9.2 ± 0.8 
1 0.6 ± 1 .2 
9.6 ± 0.6 
Following a topical gel application a 
considerable amount of the agent is retained 
in the mouth and may be swallowed [Ek­
strand et al., 1981]. The fluoride dosis dis­
tributed throughout the body depends on 
the amount of gel ingested and directly on 
the F concentration. In a study with differ­
ent APF gels in children and adults an 0.10/o. 
F gel showed an insignificant increase in the 
base-line F level in the blood of the sub­
jects; this in contrast with 1 .230/o F gels [Ek­
strand et al., 1981]. 
Summarizing we can say that the experi­
mental data of this experiment indicate (i) 
that no statistically significant difference ex­
ists between the amount of fluoride acquired 
on and in the enamel for the gel prepara­
tions used, even not for the lowest concen­
tration of 0.1 10/o F; (ii) that a statistically 
significant increase of the acquired F in the 
surface enamel (layer 1) was observable 
only for 1.230/o F gels. 
It is, therefore, questionable whether 
there is any significant advantage in the ap­
plication of high-concentration F gels. 
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CHAPTER 7 
FLUORIDE DEPOSITED BY TOPICAL APPLICATIONS 
WITH STANNOUS FLUORIDE IN HUMAN ENAMELt 
SUMMARY: The aim of this study was to quantify the fluoridating effect of a 4 0/o aqueous solu­
tion of SnF2 applied for 5 min. and 30 min. resp., and to measure the amounts of KOH soluble 
fluoride and acquired fluoride separately (APF gel data being included for comparison). 
Blocks of intact enamel were treated with the topical agents and subsequently exposed to 
1 M KOH solutions for 24 hr. No significant amount of fluoride was dissolved from control 
specimens by this treatment. Subsequently, the acquired F in the enamel was determined by 
the acid etch technique. 
The amount of fluoride in the KOH solutions after 5 and 30 min. SnF2 application are compa­
rable : 6.2 and 7.4 µg.cm-2 resp. 
A single topical treatment of SnF2 of 5 and 30 min. did not produce a significant enrichment 
of fluoride in  the enamel. The considerable accumulation of fluoride reaction products on 
the outer enamel surface was only 1 /3 of  the  amount deposited by APF gels. 
KEY WORDS : Enamel - Fluoridation - Stannous fluoride - Scanning electron microscopy. 
RESUME : Le but de ce travail est !'evaluation quantitative de l'effet de fluoruration d'une solu­
tion aqueuse a 4 °/o de SnF2 appliquee pendant 5 min. et 30 min. et .de determiner separement 
les quantiles de fluorure soluble dans KOH et le fluorure lncorpore (des donnees obtenues, 
avec un gel APF sont utilisees a des fins de comparaison). 
Des fragments d'email intact sont traites avec les agents topiques, puis ils sont exposes a 
1 M KOH pendant 24 hr. Dans les specimens temoins d'email intact, aucune quantite signifi­
cative de fluorure n'est dissoute a la suite de ce traitement. Les resultats obtenus au cours des 
essais realises apres les 2 applications de solutions de fluorure a des intervalles de temps 
differents sont donnes pour des surfaces naturelles de la meme dent. Les quantiles de fluorure 
dans les solutions de KOH, pour 5 min. et 30 min. d'applications de SnF2, sont comparables 
(respectivement 6.2 et 7.4 µg.cm-2). 
Une application locale unique de SnF2 pendant des periodes de contact de 5 et 30 minutes 
avec l'email humain ne donne pas d'enrichissement en contenu en F dans l'email. Par contre, 
ii se produit une accumulation considerable de produits de reaction F- sur la surface de 
l'email, bien qu'il ne s'agisse la que de 30 °/o par rapport a la quantile deposee, apres appli­
cation d'un gel APF. 
MOTS C LES : Email - Fluoruration - Fluorure d'etain - Microscope electronique a balayage. 
ZUSAMMENFASSUNG : Ziel dieser Studie war es, die fluoridierende Wirkung einer 4 °/o 
wiissrigen Losung von SnF2, 5 bzw. 30 min angewandt, zu quantifizieren und die Mangen 
KOH-loslichen Fluorids und erworbenen Fluorids getrennt zu messen. APF-Gel-Daten wurden 
zum Vergleich einbezogen. Blocke intakten Schmelzes wurden mit den Oberfliichenagentien 
behandelt und anschliessend 24 h lang 1 M KOH ausgesetzt. Von den Kontrollproben intakten 
Schmelzes wurden durch diese Behandlung keine signifikanten Fluoridmengen ausgelost. Von 
den Versuchen mit den beiden Fluoridanwendungen unterschiedlicher Dauer, an natiirlichen 
Oberfliichen desselben Zahnes angewandt, werden die Ergebnisse dargestellt. Die Fluorid­
mengen in KOH-Losungen nach 5 min und 30 min SnF2-Applikation sind vergleichbar (6,2 bzw. 
7,4 µgcm-2). 
TJour . Bio l . Buccale 10 : 63- 7 1  ( SEID ,  Paris 1 9 82) 
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Eine einzige Oberfliichenbehandlung mit SnF2 wiihrend 5 bzw. 30 min dauerndem Kontakt mit 
menschlichem Schmelz fuhrte zu keiner Anreicherung von Fluorid im Schmelz, jedoch zu einer 
bemerkenswerten Ansammlung von F--Reaktionsprodukten an der Schmelzoberfliiche, obwohl 
dies lediglich 30 °/o der durch ein APF-Gel abgelagerten Menge war. 
7.1 INTRODUCTION 
Top ical app l ications of stannous f luor ide have been generally accepted as 
an effective agent in caries prevention. Its c l i n ical effectiveness has been 
demonstrated by numerous i nvestigations : for a su rvey see Purde l l  Lewis  
(1 977).  However, few authors have pub l ished data on  the  amount of f luor ide 
acqu i red after a topical SnF2 treatment (Brudevold et a l . ,  1 956, 1 963, 
1 967 : Hals et a l . ,  1 960 ; Hoerman et a l . ,  1 966 ; Me l lberg et a l . ,  1 966 ; 
Muh lemann et a l . ,  1 967). 
Appl icat ion of acid ic stannous f luor ide agents to tooth su rfaces d i sso lves 
some enamel and conco m itantly precip itates f l uoride contai n i ng reaction 
p roducts (see Brudevold et al . ,  1 965 ; Caslavska et a l . ,  1 975) and t in 
contain ing  reaction p roducts (see Hercu les et a l . ,  1 978 ; Cooley,  1 961 ) .  
This paper p resents data o f  a study i n  which the f l uor idat ing effects o f  an 
aqueous 4 ¾ stannous fluoride so l ut ion appl ied for 5 and 30 m in .  are 
compared after one s ing le treatment. Both the amount of KOH extractab le 
f luor ide (main ly CaF2 wi th a l ittle free F- attached loosely to p rote in  or 
adsorbed to crysta l l ite su rfaces - see Di j kman et a l . ,  1 982) and the amount 
of f luoride present after KOH extraction (acqu i red fluoride) have been 
determined. For s imp l ic ity these two amounts are defined as f luor ide on 
the enamel ,  and f luor ide in the enamel ,  resp. 
7:2. MATERIALS AND METHODS 
Twenty freshly extracted human molars were used. The molars were cut d iagonally, per­
pendicular to the occlusal surface, into quarters by means of a water-cooled, diamond 
coated c i rcular saw (Fig. 1 ). 
From the buccal ,  l ingual and approximal surfaces of the crowns rectangular blocks were 
cut with an enamel surface of about 15 mm2 . The exposed area of each enamel block was 
determined by precision m icrometer measurements at 10x microscopic  magnification with 
an accuracy of about 3 °/o (Arends and Schuthof, 1 975). 
The cut surfaces were covered with blue in lay wax (Kerr, type 1) and attached by this 
wax to a ' stim-u-dent ' wooden interdental stimu lator. The ' stim-u-dents ' were used to 
suspend the exposed uncut enamel su rfaces in the f luoride solution. 
From each molar the enamel blocks for test and control specimens were chosen at random. 
30 blocks were treated 5 min. with 4 0/o SnF2 solution at 22°C : another 20 were treated 
with 4 0/o SnF2 solution for 30 min .  : 30 remaining enamel blocks were kept moist as controls. 
Two stannous fluoride solutions were used, contain ing 1 0/o F 
• a 4 0/o aqueous solution of SnFz,  from SnF2 powder suppl ied by " Pfalz and Bauer Inc . ,, 
pH = 2.4 and 
• a 4 0/o aqueous solution of SnF2, from SnF2 powder suppl ied by cc Sigma chemical Co. ,, 
pH = 2.6 
/the pH values agree with Hals et a l . ,  1 960 ; the pH of SnF2 solutions used cl in ical ly varies 
from 1 .8 - 3.2) . 
After fl uoride application the blocks were twice rinsed for 30 sec. in tap water, and then 
placed in a beaker with tap water, where an absence of any white precipitate of stannous 
hydroxide was taken as indication that the blocks were free of SnF2 solution. 
The amount of KOH soluble fluoride on the enamel was estimated with the method descri­
bed by D ij kman et al. ( 1 982). Each enamel block was broken from the ' stim-u-dent ' and 
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immersed in 1 ml of a 1 M KOH solution i n  a polyethylene bottle for 24 hr under gentle 
agitation ( 100 rpm) at 22°C. After this period the a lkal ine solutions was neutral ized with 
1 ml of 1 HNOJ and buffered with 1 ml M tri-sodium citrate ; after addition of both buffer 
and acid the pH was 5.7. Subsequently, the specimens were rinsed and stored moist. The 
fluoride concentration i n  the solutions was determ ined by direct analysis with a set of six 
combination fluoride electrodes (Orion, 96-09) connected by way of a manual electrode 
switch (Orion, 605) to an expanded scale mV meter (Orion, 401 ) .  The apparatus was cal i­
brated dai ly with standard, buffered fluoride solutions contain ing 0.02, 0.05, 0.1 , 0.5 and 
1 .0 ppm fl uoride, resp. 
After KOH extraction al l  the enamel b locks were freed of wax, cleaned and the cut surfaces 
covered with na i l  varnish leaving exposed only the uncut enamel surface. Five successive 
layers of enamel were etched away by exposing the enamel b locks to 0.5 ml portions of 
0.1 M HC104 acid for 30, 30, 60, 1 20 and 1 20 sec., resp. The specimens were rotated in the  
acid solutions a t  1 00 rpm for standardized agitation (the pH of  the  solution was identical 
before and after the etching  of the specimen). Dissolutions was stopped after the g iven 
period by the add ition of 2 ml  of d.1 m trisodium citrate. The F content in the solution was 
determined as described above. The calcium content was determined by taking 1 .0 m l  
samples,  d i l uted with 0.5 m l  o f  0.2 -0/o lanthanumoxide solution (to el iminate i nterference by 
phosphates) and 3.5 ml  of d isti l led water. The calcium content of the etchant solutions 
was determined d irectly by atomic absorption spectrophotometry (Perking E lmer 370) and 
the thickness of the enamel surface layer removed by an etch (de.) calcu lated assuming an 
average ca lc ium content of 37.4 -0/o by weight and an average enamel density of 2.95 g.cm-• 
as described by Dijkman and Arends (1982). 
FIGURE 1 
Sample preparation in top view ; from each quarter one enamel block was obtained. 
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73 RESULTS 
Fluoride on the enamel ; KOH-soluble fluoride 
Caslavska et a l . ,  in 1 975 showed that after exposure of m ixtu res of CaF2 and 
apatite to a strong a lka l i ne solut ion {1 .0 M KOH) the fo rmer salt d isso lves 
q uantitatively and no detectable d isso lut ion of the apat ite takes p lace. 
Therefore the f luor ide measured after KOH extract ion can be assumed to 
be main ly from CaF2 formed on the enamel surface. 
The amounts of f luor ide removed by the KOH treatment for control and 
test specimens are g iven in  Table I .  The f luor ide values analyzed in  the KOH 
so l ut ion for 5 and 30 m in .  SnF2 treatments are comparable : 6.2 and 7.9 �tg . 
cm- 2 resp. The KOH treatment shows i n  the control g roup 2 . 1  �tg .cm-2 F-, 
in the same order as previously pub l ished data {Di j kman et a l . ,  1 982) . 
Scann ing electron m icroscopy was used to show the presence of reaction 
p roducts on  the ena.mel surface fo l lowing SnF2 treatment and their absence 
fo l lowing  exposure of the b lock to 1 M KOH sol ut ion for 24 hr  {see Figs 3 
and 4) . 
TABLE I : 
The amounts of fluoride deposited on and acquired (up to 30 ftm) in the enamel after various 
topical treatments (number of specimens : twenty). 
Treatment Fluoride 119.cm-2 ± SD 
on the 
enamel in the enamel 
total 
amount amount amount amount amount total amount 
layer 1 layer 2 layer 3 layer 4 layer 5 in layers in layers 
1 -5 1 -5 
acquired 
neg Ii-
SnF2, 5 min .  6.2±4.1 1 .6±0.7 1 .6 ± 1 .9 1 .5±0.7 1 .8 ±0.8 1 .3±0.5 7.8±2.3 g ib le 
neg I i -
SnF2, 30 min.  7.9±3.3 1 .4±0.5 1 . 1 ±0.5 1 .3±0.7 1 .7±1 .0 1 .2±0.7 6.7±1 .6 gible 
Control 2.1 ±0.9 1 .4±0.4 1 .1 ±0.4 1 .3 ±0.5 1 .5±0.6 1 .1 ±0.3 6.4±1 .0 
APF gel ,  
5 min. * 24.H:5.9 2.0 ±0.4 1 .5 ± 0.3 2.2±0.5 2.7 ±0.7 1 .7 ± 0.6 1 0.1 ±2.4 4.2±2.8 
* Di jkman et al .  (1 982). 
Fluoride in the enamel ; F- determination after KOH treatment 
The mean f luor ide content in the enamel su rface in layers 1 -5 is g iven i n  
Table I and i n  Figure 2. With in the errors g iven, nearly identical values are 
observed for test and contro l g roups. The total amount of acqu i red F i s  
with i n  the  detect ion l i m its of  the  method adopted i n  th is  i nvest igation .  
The average th ickness of the enamel  layers removed (see Table I I) was 
found to be nearly identical for treated and non-treated specimens and 
is in ag reement with previously pub l ished data {Arends and Schuthof, 1 975) . 
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TABLE II : 
Thickness of the enamel layers removed in the etching procedure (d<'n). Control I are data 
pertaining this experiment. Control I I  values after KOH treatment (number of specimens : 
twenty). 
Etching period 
in secs SnF2, 5 min. SnF2, 30 min.  Control I APF Gel * Control I I * 
den ± SD de. ± SD d"" ± SD d"" ± SD d,·. ± SD 
in µm in µm in ttm in µm in µm 
30 (layer 1 )  2.2±0.6 2.1 ±0.3 2.3±0.4 2.2 ±0.2 2.5±0.3 
30 (layer 2) 2.5±0.4 2.3±0.2 2.5±0.4 2.5±0.2 2.7+0.2 
60 (layer 3) 4.4± 0.5 4.3±0.3 4.4±0.5 4.7±0.4 4.9±0.4 
1 20 ( layer 4) 7.9 ± 0.9 7.8±0.9 7.9 ± 1 .8 9.1 ±0.8 9.2 ±0.7 
1 20 ( layer 5) 7.9±1 .2 8.0±0.9 8.0±1 .7 9.2±0.9 9.5±0.7 
* Dijkman et al. (1 982). 
SEM observations 
From the SEM pictures (see Figs 3, 4 and 5) it is obvious that after a SnF2 
treatment for 5 min .  the surface is covered with a thin layer of reaction 
products and locally g lobules of deposits (these effects become more 
pronounced if a treatment of 30 min .  is g iven) .  After the KOH treatment 
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FIGURE 2 
The mean fluoride content in five enamel 
layers after 5 min. SnF2 treatment (30 min. 
treated specimens gave a similar curve). 
Each point is the average of 30 observa­
tions. The bars give the standard deviations. 
6 = 5 min. SnF2 treatment, 0 = control. 
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7.4 DISCUSSION 
Previously, deposition of t in and fluoride in  i ntact enamel after an appl i ca­
t ion of several SnF2 contain ing  solut ions was investigated by B rudevo ld  
(1 967) .  He found that with increasing t in content, the  f luor ide deposit ion 
decreased l i nearly to a p lateau reached at a level of about 3 % tin in 
sol ut ion.  
Muh lemann (1 967) noted that f luoride uptake from 8 % SnF2 so l ut ions was 
less than wou ld  be expected from the g iven f luor ide concentration in the 
SnF2 sol ut ion. The f luoride found in enamel t reated with 5 0/o SnFi solut ion 
by Me l lberg (1 966) was not statist ical ly d ifferent from contro ls. Brudevold 
(1 956) found that s ign if icantly less f luor ide was taken up from a 1 ,56 % 
SnF2 solut ion than from a 1 % NaF solut ion,  although both so lut ions contai­
ned 0.452 % f luoride. 
None of these exper iments made the d isti nction between f luor ide on the 
enamel and f luor ide in the enamel .  The main resu l t. of th is study is that SnF2 
appl ications of enamel deposit f luo ride only on the most outer enamel sur­
face, presented i n  Table I. The amounts after 5 and 30 m in .  treatments being 
6.2 and 7.9 !J-g .cm-2, resp. 
The reaction products between SnF2 solut ions and enamel conta in  CaF1, 
Sn (OH)2, Sn2PQ4QH and f luoro-apatite (Hercu les et a l . ,  1 978) . A KOH 
treatment as descri bed is  sufficient to remove the f luor ide conta in ing  
react ion product layer. Th is  is obvious from the  SEM m icrographs i n  
Figures 3 and 5. 
I n  ag reement with the f ind ings of Brudevold (1 956, 1 967) the experimental 
data of this experiment ind icate that no statist ical ly s ign if icant d ifferences 
exist between the amount of f luor ide in the enamel from contro l  and SnF2 
treated specimens. F luoride enr ichment was not even detected i n  the f i rst 
layer (2.5 fJ-m th ick) after the appl i cations. Figure 2 demonstrates the fai l u re 
of the 5 and 30 m in .  SnF2 appl ications to i ncrease markedly the f luoride 
concentration as compared to control  spec imens. 
I t  i s  i nterest ing to compare the SnF� values with recent APF data (the pH 
of the APF gel was 4.0) . 
I n  5 m in .  an APF gel deposits 4 t imes more of f luor ide on the enamel sur­
face, than the aqueous 4 0/o SnF2 solut ions. The amount of f luor ide depo­
sit ion for the APF gel ,  5 m in .  SnF2 and 30 m in .  SnF2 is 4 : 1 : 1 (see Table I). 
FIGURE 3 
SEM micrograph of the enamel surface immediately following SnF2 application and rinsing. 
The thin layer of reaction products is  clearly visible. The bar is 50 11m ; x 340. 
FIGURE 4 
Enamel surface treated as in Figure 3 but after KOH treatment for 24 hr. The surface contains 
no reaction products. The bar is 20 µm ; x 650. 
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FIGURE 5 :  
The enamel surface of Figure 4, at higher magnification. The bar is 2 µm ; x 6500. 
APF gels, however, provide d i rectly after appl ication a smal l  but measu­
rable amount of F as acqu i red f luoride in the enamel {about 4 µ.g .cm-2 in a 
30 µm thick layer) . 
Summarizing we say that 
The ratio F, 0 {acqu i red i n  30 µm)/F00 is for SnF2 and APF treatments 0 and 
0.2, resp. 
The fact that for SnF2 : F, 0/F00 � 0 and for APF : F,,fF .... � 0.2,  is p resu­
mably due to d i fferenees in the competitive d isso lution-precip itat ion p ro­
cesses at the enamel-f luor ide appl ication interface. We note that at the 
pH for SnF2 solutions (pH � 2.5) the dominating species in  f luoridation i s  
H F. I n  case o f  APF (pH  = 4 )  the ma in  reactive agent is F-. 
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CHAPTER 8 
IN VIVO INVESTIGl!.TION ON '!HE FWORIDE CDNI'ENT IN AND CN 
mM\N ENAMEL AFI'ER 'l'OPICAL APPLICATIONS t 
Abstract. In this in vivo study the anount of fluoride present on and in 
human enarrel was folla-,ed longitudinally for a pericxl of 3 rronths . The fluor­
idating agents were an APF gel and the fluoridating lac:x:iuers Durai;hat and 
Fluor Protector . The fluoride on the enarrel (F , mainly as CaF
2
) was deter-- on 
mined by the Caslavska nethcxl. The fluoride aCXJUired in the enarrel (F . ) was - in 
measured in 5 enamel layers renoved by acid etching. 
12 Patients did wear the treated enamel specinens and controls for periods of 
1 ,  4 and 12 weeks before the Fon and Fin dctenninations were made. 
The CaF2 (or F0n) is  lost in vivo in all 3 treatnents with a rate of about 
20 µg .c::m-2 in the first week . Consequently, APF gel and Duraphat treated spec­
inens lost nearly all CaF
2 in vivo in this pericxl. The arrount of 
caF2 present 
in the Fluor Protector case was noticeable up to l nonth . 
A second conclusion fran this study is that the arrount of aCXJUired F- (Fin 
in 
a layer of 30 µm) is after the APF gel or Dural,ilat treatnent negligible after 
l week in vivo . A Fluor Protector treatnent intrcxluced an anount of aCXJUired 
fluoride of 1 1 ,  14 and 15 µg .c::m-2 after 1 ,  4 or 12 weeks, resp . 
This study sha-,s that if sufficient CaF2 is deposited .9!! the enanel in vivo 
for a sufficiently long tine, the anount of F- in the enarrel can be increased 
significantly . 
Thirdly, despite the fact that during the in vivo experinents considerable 
anounts of CaF2 \\ere lost in the saliva, ro rreasurable enrichnent of control 
sou.rrl enarrel resulted. tbt even in sound enamel specilren, 3 nm fran the treat­
ed blocks . 
8 . 1  Intrcxluction 
Topical flooride applications deposite fluoride in and on sourd hunan enam­
el . There is considerable evidence that a rejor portion of the deposited 
flooride leaches awey relatively fast after application [Surdvall-Hagland et 
t Caries Res. : in press 
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al . ,  1959 ; Lott, 1962 ;  Rinderer, Schait and Minlemann, 1965 ; Mallberg et al . ,  
1966 ; Brudevold et al . ,  1967 ; Arends and Schuthof, 1975 ; So:rvas et al . ,  1979 ] . 
Data on in vitro fluoridated enanel suggest that the fraction lost consists 
of unreacted F- and caF2 , and that the retaired F is in the fonn of a fluori­
dated apatite [Bnrlevold, 1959 ; Brudevold et al . , 1967 ; Mall.berg et al . ,  1966 ; 
Caslavska et al . ,  1975] . 
Quantification of both the arco.mt of fluoride in the enarrel (F
in
) and the 
arrount present as calcium fluoride on the material (Fon) have been presented 
in previous in vitro studies by Hellstrom and Ericsson [ 1976] , Wefel and 
Harless [ 1981] , Retie£ et al . [ 1981 ] , Dijkman et al . [ 1982] , Gr¢n and Cas­
lavska [ 1979 ] . 
In vivo this i;nen:ueron was studied by Larsen et al . [ 1981] , analysing NaF 




'!be aim of this study was to quantify longitudinally in vivo the anounts 
of KOH so11.i>le fluoride � enarrel and acquired fluoride in enarrel after topi­
cal applications . 
'!be fluoridating systems investigated were an APF gel and u,,,o fluoride con­
taining laa:,ruers . 
8 . 2  Materials and nethods 
� ! : 80 pairs of freshly extracted contralateral parmanent human maxil­
lary incisors were used in this investigation. After extraction the teeth 
were washed in tap water and stored at 4° C .  The enarrel of the buccal surface 
was cleared under running tap water with a tooth brush . Vestibular surfaces 
with white spots or other visible defects were discarded. Enanel blocks 
(about 3 x 4 mn2) were made cutting perpandicular to the enanel surface with 
a water-cooled dianorrl-coated ScM. usually four enarrel blocks were cbtained 
frcrn each incisor; one pair far in vivo use , one pair was employed for an 
identical in vitro exper:inent . 
'!be ruqx,sed surface area was detennired far each block by micrareter neasure­
nents at lOx microscopic magnification with an accuracy of about 3% (Arends 
and Schuthof , 1975) . Paired blocks were (with exception of the buccal surface) 
errbedded in self curing acrylic (De Trey RR@) in a Teflon nould ( fig. 1) . 
After renoval frcrn the nould the spacinens containing the two blocks of enam­
el were gas sterilized in 100% ethylere oxide vapor at 55° C during 2 h and 
subsequently stored in a 100% relative hunidity at 21° C .  
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Fig. 1 .  Sahematia representation of a mould, 
employed for the embedding of paired enamel bloaks . 
Fluoridation : Fran each in:isor the enanel block to be fluoridated was dlo­
sen ad ran:ian, the other ore served as oontrol . 
The fol.1.a,Jing topical fluoride containing agents v.ere enployed: 
(a) an APF gel 1 , oonsisting of 1 • 23% F in NaF and O . 1  M H 3P04 at :fii 4 ;  
(b) Duraphat
®2 , consisting of 5 wt% NaF in a natural colophoniun base; 
(c) Fluor Protectar
®3 , consisting of abc:ut 1 wt% silare fluoride 
(50 mg.rnl-1) in a polyurethare polymar [Arends and Schuthof , 1975 ; Bruun 
et al. 1980 ] . 
1Medinos fluoride gel; Intradal, Arrersfoort, The Netherl.aros ; lot Nr. 48 . 5002 
2 ICN Phannaoeutical QrbH & Co. , F.schwege, FRG; lot Nr. 1161 
3vivadent , Liechtenstein; lot Nr. B40 .05 . 81 
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composition F% pH value 
APF gel acidulated NaF 1 . 2 4 . 0  5 min 
phosphate gel 
Duraphat s uspens ion of NaF 2 . 2  neutral 24 h 
in natural resin 
Fluor organic difluoros ilane 0 . 7  acidic 24 h 
Protector in polyurethane 
Sate relevant points are sunmarized in table I. 'lhe application i;:eriod (a sin­
gle treatJrent) was for APF treated specimens 5 min, and 24 h for Duraphat and 
Fluor Protector. 'lhe lacx;ruers were applied as a thin layer about O • 2 and 1 mn 
thick for Fluor Protector and Duraphat, resp. 'lhe APF gel was applied in a 
layer of about 2 mn (on the enarcel surface only) for 5 min; subsequently the 
gel treated specinens were washed for 30 s uroer running tap water . 
Intraoral procedure: 'lhe specinens cx:msisting of a control and F-treated 
blcx::k were fixed with a screw in a partial or full denture. The specinens were 
bilaterally roounted flush with the acrylic surface of the buccal flanges of 
an upper or lower dental applian:::e (fig . 2) . 
Fig. 2. Partial denture aarrying a speaimen with aontroZ and F treated 
ename Z b Zoak . 
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12 adult volunteers (male and female with a nean age of 32.5 years, range 23-
48) did wear the dentures with the fluoridat.ed specinens for periods of l 
week , 4 weeks or 3 m:mths, resp. The participants were instructed to reIIOve 
the lacquers after 24 h anu not to brush their appliance with F containing 
tooth pastes; only tap water* was used for denture cleaning. No further in­
structions were given. Tooth brushing was dare each day on the residual denti -
tion with a conventional F oontaini� tooth paste preferred by the volunteers. 
One week after the fluoride treatrrent the participants were recalled for a 
control visit to ensure oonplete agent renoval. 
In vitro exper�_!:: Paired enairel blocks fran the contralateral side of a 
tooth were used for an in vitro exper.i.rcent; identical fluoride treatrrents as 
described for the in vivo study were given. 
'!be treatrrents of these specinens were the sarre in the in vivo and in vitro 
exper.i.rcent (including enbedding and sterilization procedures) . After fluori­
dation these blocks -were stared for the experinental period at 100% relative 
humidity at 21° C (fig. 3) . 
Fig. 3. Storage of in vitro speaimen; S indiaates the speaimen, H indiaates 
wet aotton. 
*the fluoride level in the drink� water in Groningen is less than O .1 ppn F 
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Fluoride Determinations 
F : At the end of an e:iq;;erirrental period the enarrel blocks, both from in on 
vi wand in vitro e:iq;;erirrents were recovered and e.>q:x:>sed to O .5 ml portions 
1 M KOO solution for 24 h. 
The arrount of KOH soluble F on the enanel surfare was estimated according to 
the rrethod of caslavska et al. [ 1975] (described in detail in a previous 
study, Dijkman et al., 1982) . The atnmt of fluoride on the enarrel in micro­




Z) = e.>q:x:>5ed area (c:m2) 
in whidl W
F 
is the weight (µg) of fluoride in the KOO solution. 
F. : After KOO extraction the fluoride was dete:rmined in five successive 
in -
enamel layers (approximately 2 ,  2.5 ,  4.5 , 9 and 9 µm thick) by etdling in 
(1) 
0.5 ml portions 0.1 M HClO4 acid as described previously (Dijkman et al. , 
1982) . The etch solutions were analysed chemically for both fluoride and cal­
cium ions. For each dissolved enarrel layer, the fluoride content was deter­
mined by direct analysis with a series of c:x:mbination fluoride electrodes 
(Orion , 96-09) ; the calcium oontent was rreasured by atanic absorption spec­
troscopy (Perkin Elrrer , 370) • '!he thickness of each enamel layer was calcu­
lated by assuming an average calcium content of 37.4 wt% and an average enam­
el density of 2 .95 g .c:m-3 [Petersson , 1975 ; Bruun, 1973] . '!he weight of 
fluoride in the enanel surface in micrograms was calculated per an2 e.>q:x:>Sed 
enarrel surface using the relation : 
5 
r Wp. (µg) 
-2 i = 1 l. 
Wpin (µg.c:m ) = e.>q:x:>sed area (an2 ) 
(2) 
in which Wpi is the anount of F in layer i (i = 1 ,  2 ,  3 ,  4 ,  5) . 
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Table II .  The amount of fluoride deposited on the enamel after various 
topical treatments , F
0n 
in vivo and in vitro 
fluoride , µg . cm-2 (mean ± SE ) number 
treatment of 
in vivo in vitro specimen 
APF ge l 
after application* 24 . 7  ± 1 . 9* 24 . 7  ± 1 . 9* 1 0  
II I week 1 . 4 ± 0 . 2  1 4 . 8  ± 3 . 2  1 0  
I I  4 weeks 1 . 3 ± 0 . 2  1 5 . 0  ± 2 . 2  7 
control 1 . 4 ± 0 . 2  2 . 2  ± 0 . 5  1 0  
Duraphat 
after application* 20 . 4  ± 0 . 6* 20 . 4  ± 0 . 6* 1 0  
" I week 1 . 5 ± 0 . 2  1 1 . 5 ± 2 . 4  1 1  
II  4 weeks 1 . 0 ± 0 .  I 1 0 . S  ± 2 . 8  1 0  
I I  12 weeks 1 . 2 ± 0 . 1  8 . 1 ± 1 . 5 1 0  
control 1 . 5 ± 0 . 3  2 . 3  ±. 0 . 4  10 
Fluor Protector 
after application* 5 3 . 0  ± 4 . 6* 53 . 0  ± 4 . 6* 1 0  
II  I week 23 . I ± 3 . 5  46 . 1  ± 6 . 3  1 1  
II  4 weeks 1 3 .  I ± 3 . 0  44 . 7  ± 5 . 5 1 2  
II  1 2  weeks 4 . 7  ± 1 . 3 37 . 6  ± 6 . 2  9 
control 1 . 8  ± 0 . 4  2 . 7  ± 0 . 4  10  
*Dijkman e t  al . [ 1 9 82] 
8 . 3  Results 
Fluoride ON the enanel - IN VIVO 
'lhe anount of fluoride rerroved by the KOH treatrrent in the in vivo experi­
neht is given in table II (first column) . 
'Ihe in vivo Fon values after 1 ,  4 and 12 weeks are considerably higher for 
Floor Protector than for Duraµ1at or APF gel . 'lhe fluoride values (in µg .c:ni-2) 
for the APF gel arrl Duraµ1at were (1 week after application) conparable with 
untreated material; Fluor Protector treated specimen reached this lCM fluoride 
level after � 12 weeks . 
Fon in vivo of the control is about 1 .5 µg .c:m
-2 ; this is in the sane order as 
neasw:ed in a previous in vitro study, Dij.kman et al . [1982] . 
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Fluoride ON the enamel - IN VITID 
'!he am::unt of fluoride F present after various periods in the in vitro 
on 
exper:inent is given in t.able II (secoro oolunn) . 
These data sha-1 that "F tlV:! material" is lest with a nuch lc:Mer rate than 
en 
in vivo. Despite the fact that the specil'lens were stored only (fig. 3) , the 
specimens lost about 10 µg. an-2 fluoride due to 2 rinses . 
Fluoride IN the enamel - IN VIVO AN:> IN VITRO 
After KCH extraction thin layers of enamel were etched cMay as described. 
The average thickress of the layers rerroved (t.able III) is nearly independent 
of the F content present and in agreerrent with previously published data 
[Arends and Schuthof, 1975; Dijkrnan et al . ,  1982) . 
T ab le III . Ave rage etch depth (d
ca) 
in µm (mean ± SD) 
Number of specimens in all cases > 20 
e tching etch depth , µm 
period , s 
in vivo in vi tro control 
APF ge l 
30 ( layer I )  2 . 2  ± 0 . 4  2 . 3  ± 0 . 4  2 . 3 ± 0 . 4  
30 ( layer 2) 2 . 4  ± 0 . 4  2 . 6  ± 0 . 5 2 . 6  ± 0 . 5 
60 (layer 3) 4 . 5  ± I . I 4 . 9 ± 0 . 9  4 . 7  ± 1 . 4 
1 20 (layer 4) 8 . 4  ± I . I  8 . 8  ± 1 . 7  9 . 1 ± 1 . 5 
1 20 ( l ayer 5)  8 . 1 ± 1 . 2 9 . 2  ± 1 . 6 9 .  I ± 2 .  I 
Duraphat 
30 (layer I )  2 . 1 ± 0 . 4  2 . 2  ± 0 . 3  2 . 3  ± 0 . 4 
30 ( layer 2) 2 . 3  ± 0 . 5 2 . 4  ± 0 . 3  2 . 6  ± 0 . 4  
60 ( layer 3) 4 , 5 ± I . I  4 . 4 ± 0 . 7  4 . 9  ± 0 . 7  
1 20 ( layer 4) 8 . 8  ± 1 . 2 8 . 6  ± 1 . 0 9 . 2  ± 1 . 3 
1 20 (layer 5) 9 .  I ± 1 . 3 8 . 6  ± 1 . 2 9 . 3  ± 1 . 4 
Fluor Protector 
30 (layer I )  1 . 9 ± 0 . 3  2 .  I ± 0 . 5  2 . 3  ± 0 . 4  
30 ( layer 2) 2 . 2  ± 0 . 3  2 . 3  ± 0 . 5  2 . 6  ± 0 . 4  
60 (layer 3) 4 . 1 ± 0 .9 4 . 3  ± 1 . 5 4 . 9 ± 0 .  7 
1 20 ( layer 4) 8 . 2  ± 1 . 0 8 . 7  ± 0 . 8  9 . 3  ± 1 . 4 
1 20 (layer 5) 8 . 4  ± I . I  8 .  7 ± 1 . 7 9 . 3 ± 1 . 3 
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For simplicity, the enarrel layers rem::,ved after 30 , 30 , 60 , 120 an:l 1 20 s are 
denoted by layers 1-5 ; the arrrnnt of acxruired fluoride (Fin) in ppn F
- (nean 
± SE) in layers 1-5 , as well as the total amount of Fin in µg .cm
-2 is pres­
ented in table DI. 
Table DI shows several interesting features: 
( 1 )  Considering the total arcount of in vivo aa:rw-red fluoride in µg .cm-2 for 
APF gel or Durafhat treated enanel, a decrease with tine is d:,served. 
(2) For Fluor Protector treated enarrel F .  in µg .cm-2 shCMS an increasin:J in 
teooercy v.hich is however not statistically significant. If we consider 
the FIRST LAYER ONLY the increase of Fin in ppn is highly significant as 
canpared to the starting situation (p < 0.01) . In the first 2 µm thick en­
arrel layer the Fin is in vivo after 24 h, 1 week, 1 month and 3 months 
about: 1585 , 2890 , 4860 an:! 6650 pp:n. 
(3) Fin acquired in vivo by APF gel and the laa;ruer Duraphat in layers 1-3 
were conparable in the first week after application (averaged about 500 
pp:n) ; after this period the arrrnnt of F introduced is regligible. 
(4) Fluor Protector intrcduces (averaged) about 1500 pp:n Fin in layers 3-5 
over the whole experinental period. 
(5) Data in vitro sho.-, roughly the same tendency as the in vivo experinents ; 
the total arrount of fluoride in the enarrel is for both in vivo and in 
vitro experinents oonparable for the three fluoridating agents. 
Fluoride "cross-over"? 
In the in vivo experinent the fluoride uptake by the control fran the fluori­
dated block should be considered (cross-over) . 
Since the control (untreated) enarrel surface of the specimen was in close 
proximity to the treated surface there was the possibility that fluoride leav­
ing the treated area could fluoridate the untreated surfaces. We have there­
fore canpiled in table V the F values in the control blocks after 1 ,  4 and 12 
weeks in vivo; because a cross-over effect must be m:st pronounced in the 
first layer we give the F data for the first layer only. The relatively low 
fluoride levels fowrl in the control surfaces an:! the similarity of those fran 
the teeth analyzed 1 ,  4 or 1 2  weeks later , are not statistically different. 
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* Tab le IV The amount of ACQUIRED fluoride [ F .  ] - in vivo and in vitro 1.n 
to'• acquired fluoride , ppm (mean ± SE) 
L.., .  
treatmen t 
layer 1 layer 2 layer 3 layer 4 
� 
n, �L&�� 
after app lication* � 1 245 ± 1 4 6  895 ± 1 04 690 ± 64 475 ± 78 
in vivo after 1 week 7 30 ± 1 22 540 ± 1 64 295 + 60 1 63 ± 34 
\0 
in vivo after 4 weeks 469 ± 1 0 7  2 1 6  ± 90 1 88 :r 1 2 1  1 1 5 ± 73 
in vit ro after 1 week 685 ± 1 1 9 365 ± 1 1 6 246 ± 8 2  1 49 ± 5 1  
in vitro after 4 weeks 835 ± 89 3 1 2  ± 89  298  ± 9 I 265 ± 79 
Q!!!:�E!!�f 
after app lication* 1 440 ± 95 1 046 ± 7 7  1 020 ± 69 869 ± 59 
in vivo after 1 week 6 1 4  ± 1 32 523 ± 9 7  400 ± 77  2 1 8  ± 36 
Cl'\ in vivo after 4 weeks 8 38 ± 1 0 3  524 ± 64 429 ± 39 272  ± 36 
in vivo after 1 2  weeks 660 ± 386 2 1 3  ± 220 257 ± 1 04 1 88 ± 8 1  
in vitro after I week 8 74 ± 1 32 757 ± 1 1 3 7 1 4  ± 79 620 ± 69 
in vitro after 4 weeks 793  :r 1 1 3 534 ± 85 664 ± 90 660 ± 1 26 
in vitro after 1 2  weeks 9 23 ± 95 725 ± 70 753 ± 94 678  ± 99 
F luor_Pro tector 
after app lication* 1 585 ± 1 8 1 1 300 ± J O  I 1 400 ± 72 1 285 ± 6 1  
in vivo after I week 2890 ± 257 1 565 ± 23 1 1 5 20 ± 1 66 1 355 ± 1 66 
in vivo after 4 weeks 4860 ± 547  22 1 0  ± 242 1 965 ± 205 1 795 ± 1 94 
in vivo after 1 2  weeks 6650 ± 370 2650 ± 222 2 1 45 ± 1 5 2  1 950 ± 1 44 
in vitro after I week 1 325 ± 1 35 1 1 20 ± 1 1 6 1 250 ± 1 08 1 1 50 ± 1 26 
in vitro after 4 weeks 2255 ± 30 1  1 800 ± 2 1 8  1 795 ± 1 59 1 760 ± 1 46 
in vitro after 1 2  weeks 1 860 ± 204 1 405 ± 1 2 1  I 420 ± 1 46 1 395 ± 202 
layer 5 
260 ± 54 
1 79 ± 5 7  
44 ± 2 7  
1 1 1  ± 40 
208 ± 4 7  
806 ± 5 3  
1 38 ± 2 1  
1 50 ± 24 
1 4 1  ± 50 
457 ± 77  
57 1 ± 1 5 7  
696 ± 84 
925 ± 69 
1 05 0  ± 1 5 4  
1 430 ± 1 96 
1 5 70 ± 1 65 
1 020 ± 1 50 
I 430 ± 1 0 1  
1 29 5 ± 1 3 1  
total Fin 
layers 1 -5 
µ . cm-2 
4 . 2 ± 0 . 9  
1 . 2 ± 0 . 6  
1 . 0  ± 0 . 9  
2 . 6 ± 1 . 0 
2 . 3  ± 1 . 0 
8 . 9  ± I .  1 
1 . 7 ± 0 . 9  
1 . 6 ± 0 . 4 
0 .  7 ± 1 . 0 
3 . 8 ± 0 . 9  
3 . 7 ± 1 . 5 
3 . 4  ± I .  1 
1 0 . 0  ± 0 . 6  
1 0 .  7 ± 1 . 3  
1 3 . 5 ± 1 . 7 
1 4 . 5 ± 2 . 0  
8 . 4 ± I . I  
1 3 . 4  ± I . I  




1 0  








1 0  
9 
9 
1 0  
1 4  
1 5  
8 
1 1  
1 3  
9 
Tab le V .  "Cross -over" comparison of untreated enamel b locks in vivo 
(mean ± SD) 
F content di fference number 
treatment time t firs t layer with respect of 
ppm to t =- 0 specimen 
APF gc.l 
contro l 0 1 725 ± 555 10 
in vivo 1 week 1 1 95 :!: 430 (lower) 1 5  
i n  vivo 4 weeks 1 955 ± 622 NS 7 
Duraphat 
contro l 0 1 725 ± 555 1 0  
i n  vivo week 1 730 ± 770 NS 1 6  
in vivo 4 weeks 1 5 30 ± 460 NS 24 
in vivo 1 2  weeks 2075 ± 9 80 NS 9 
Fluor Pro tector 
control 0 1 725 ± 555 1 0  
i n  vivo week 1 783 ± 780 NS 1 4  
in vivo 4 weeks 20 1 5  ± 745 NS 1 5  
i n  vivo 1 2  weeks 2040 ± 825 NS 9 
8 . 4  Discussion 
Fluoride deposited on enarrel : F0n 
As previous data have shc:Ml [Dijkman et al., 1982] the arrount of fluoride 
dep:,sited on the enamel surface after application (F ) is for Fluor Protector, on 
Durai_:hat and APF gel about 53, 20 and 25 µg.an-2, resp. (table II) . These data 
are now available longitudinally from the in vivo experiments; the time de­
pendency of F
0n 
is sha.-m in figures 4, 5 and 6. 
In vivo for Duraphat and the APF gel the arrount rreasured after 1 week is small 
(� 1 .5 µg.cm-2) and in the sane order as obtained for oontrol specimens. In 
this respect the values for the neutral Duraphat are unexpected because depos­
its of the lacquer itself were still visible on the outer surface on the test 
specirnen after one week in vivo. Obviously Duraphat had lost nearly all Fon 
in vivo after one week. 
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APF gel in vitro 
90 60 


























APF gel in vivo 
60 90 
t ime in days -
Fig. 4-6 .  L�near plot of measured amounts of fluoride (mean ± SE) deposited 
on and penetrated (JO ]Jl1l) in the enamel as function of time subsequent to top­
ical application of the APF ge l (fig. 4) , Duraphat (fig. 5) and Fluor Protec­
tor (fig. 6). The shaded areas represent the residual increase of fluoride, 
given for the upper and lower half of the p lot as F
0n and Fin 
resp . The F con­
tent originally present (control) are indicated by C. 
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Duraphat in vitro 
90 60 
- time in days 
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Fluor Protector in vitro 
90 60 
- time in  days 
Fon 
C 
Fig. 6 .  (see caption fig. 4 . ) 
t 
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t ime in days -
Aa;ruired fluoride in the enarrel : F. 
in 
The rroderate F uptake after application in the enanel surfaces is for 
Duraphat and the APF gel carrparable. It is, hONever, in vivo lost within a 
week. For this reason the experiments with the APF gel were stopped after 1 
rronth. 
The catplete rerroval of all acquired fluoride resulting fran 1 week �ure 
in the rrouth for an APF gel confirms the results of Mellberg et al. [1966] . 
He found for APF ( 1 . 2% F, Iii 3) treated deciduous enarrel that the loss of F 
fran surface enarrel is carrpleted within the first week after topical treat­
ment. caslavska et al. [1971] stated in vivo the sarre results for A PF treated 
pe!ll\3.11ent central incisors after a period of two weeks. Petersson [1975] in­
vestigated in vivo the F content of contralateral teeth treated with a single 
topical application of Duraphat after 1 day, 1 week aro. 5 weeks. Although for 
determination of the arrount of acquired F no distinction was made between Fon 
and Fin' Petersson ' s  results shONed a significant loss of the acquired F 
within the first week. 
After 12 weeks in vivo DurclEhat treated and control specmens shON (of oourse) 
conparable fluoride values (table IV) . 
For Fluor Protector treated spechren, hONever, the F is transferred partly on 
into the enanel and increases the Fin level of the first layer significantly. 
Bnidevold [1959] suggested that if caF2 famed in surface enarrel it would be 
rapidly lost arrl might result in further fluorapatite formation by supplying 
F ions to the enamel mineral. This p-1enarenon was suggested as well by Gr¢n 
and Caslavska [ 1979] . 
Considering Fluor Protector, the Fin level in the first enanel layer in 
vivo after 1 week agrees well with previously published data of Bruun et al. 
[ 1980] . Bruun mentiored after 6 nonths an arrount of fluoride acquired at a 
depth of 2.0 )..IIll of 900 ppn. 
'lhe Fin data in ppn fran our in vitro study are catparable with results of 
Retief et al . [1980] on fluoride acquisition for APF gel, Duraphat and Fluor 
Protector ( table IV) • 
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Table VI  Acquired fluoride on and penetrated (30 µm) in the enamel , in 
vivo and in vitro 
fluoride , µg . cm-2 (mean ± SE) 
ratio 
treatment 
WF /WF . acquired F acquired F .  
on in on in 
APF gel 
after application 23 . 6 ± 1 . 9 4 . 2  ± 0 . 9  5 . 7  
in vivo after I week I .  2 ± 0 . 6  
in vivo after 4 weeks 1 . 0 ± 0 . 9  
in vitro after I week 1 2 . 8  ± 3 . 0  2 . 6  ± 1 . 0 4 . 9  
in vitro after 4 weeks 1 2 . 6  ± 2 . 3  2 . 3  ± 1 . 0 5 . 5  
Duraphat 
after application 1 9 . 3  ± 0 . 6  8 . 9  ± I .  I 2 . 2  
in vivo after week I .  7 ± 0 . 9  
in vivo after 4 weeks J . 6 ± 0 . 4  
in vivo after 1 2  weeks 0 . 7  ± 1 . 0 
in vitro after week 1 0 .  I ± 2 . 4  3 . 8  ± 0 . 9  2 . 6  
in vitro after 4 weeks 7 . 5  ± 2 . 5  3 . 7  ± 1 . 5 2 . 0  
in vitro after 12 weeks 5 . 4  ± 1 . 6 2 . 4  ± I . I  2 . 3  
Fluo r Protector 
after application 5 I .  9 ± 4 . 6  1 0 . 0  ± 0 . 6  5 . 1 
in vivo after week 2 1 . 0  ± 3 . 4  1 0 . 7  ± 1 . 3 2 . 0  
in vivo after 4 weeks 1 1 . 5  ± 2 . 8  1 3 . 5  ± 1 . 7 0 . 9  
in vivo after 1 2  weeks 3 . 1 ± 1 . 2 1 4 .  7 ± 2 . 0  0 . 2  
in vitro after week 42 . 4  ± 6 . 3  8 . 4  ± 1 . 2 5 . 0  
in vitro after 4 weeks 4 2 .  I ± 5 . 3  1 3 . 4  ± 1 . 0 3 . 1 
in vitro after 1 2  weeks 35 . 7  ± 6 . 2  1 0 . 4  ± 1 . 6 3 . 4  
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An important r::ararreter the ratio WF0n/WFin ' is ccmpiled in table VI, see 
Dijkrnan et al. [1982] . Considering these ratios imredi.ately after application 
we have Wp on/WF in 
6 : 2 : 5 for APF gel, Durap'lat and Fluor Protector, resp. 
After one week in vivo only the Fluor Protector ratio (RJ 2) is worth rrention­
ing . In fact the W,, /Wp. ratio for Fluor Protector decreases from 5 .1 to -"on 1.n 
0 . 2  in a pericrl of 3 rronths (the ratio is determined nearly only by the F ) • on 
A main conclusion from this study is that the amount of acquired fluoride 
(F . in a layer of 30 µm) is after the APF gel or Durap'lat treatnent negligi-in 
ble after 1 week in vive. A Fluor Protector treatnent irrluced an amount of 
acquired fluoride of 11, 14 and 15 µg.cm-2 after 1, 4 or 12 weeks, resp. 
'lhis study shavs that if sufficient CaF2 is deposited on the enarrel in vivo 
for a sufficiently long time, the amount of acquired fluoride in the enamel 
can be increased significantly. 
Secon:ily, despite the fact that during the in vivo exp:ir:inents considerable 
amounts of CaF2 were lost in the saliva, no rreasurable enridurent of control 
sound enarrel resulted. 
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THE ROIE OF CaF2 IN 'TOPICAL FLOORIDATION OF ENAMEL 
After a topical fluoridation of enarrel CaF2 is fo:ared on the enarrel surface 
in substantial amamts; see chapters 5 and 6 .  Quantitatively the arrount of 
CaF2 is very large comp:rred to the anount of F
- adsorbed and diffused into the 
enarrel (and also very large ccnpared to the presurred fluorapatite fonred [Baud 
and Bang, 1970; caslavska et al. , 1975]) . 
In this chapter we will discuss : 
- Is CaF2 the only form of fluoride present in the F0n described in this 
paper? 
- What happens to the CaF2 in vivo? 
- How much of the F applied by the topical agent is actually used in the 
fluoridation process? 
9 . 1  "CaF2
11 FORMATION: CaF2 is supposed to be forrred £!! enarrel after topical 
applications by concentrated (above a few hundred ppn F) solutions of NaF 
[McCann and Bullock, 1955] , SnF2 solutions [Wei and Forbes , 1974] (chapter 7) , 
APF solution [Brudevold et al . , 19 63 ] and F containing laa:p.iers (fig . 1 ) . 
The infonnation that CaF2 only is forrred, is difficult to obtain, because the 
enarrel is after application coated with a very thin arrorphous layer of the 
material. The arrorµious character carbired with the very small amounts avail -
able rrake detection by X-ray diffraction not possible; infra red spectroscopy 
techniques are not very suitable either. 
One possible approach is the determination of the Ca/F ratios in the KOH solu­
tion used for the F determination. on 
Table I gives experirrental results of the Ca/F ratios cbserved . In our study 
the average nolar ratios of Ca/F are O .  46 , 0 .  44 and O .  56 for APF gel , Fluor 
Protector and Durap-1at applications , resp. 
IJ:::M Ca/F values could be caused by 
i) excess F or 




Fig. 1 .  A. SEM rrricrograph from FZuor Protector treated hwnan enameZ surface . 
After 24 h treatment at 100% reZative hurrridity, the poZymer covering the sur­
face was removed. No further treatment . The bar is 30 µm. 
Fig. 1. B. Higher magnification of A .  The bar is 3 µm. 
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Table I .  Fluoride and calcium (mean values ± SD) in the KOH solutions 
following treatments with various f luoridating agents (one appl ication , number 
of specimens 6) 
treatment 
fluoride calcium mo lar ratio 
µg . cm-2 µg . cm-2 Ca/F 
APF gel 22 . 2  ± J O .  I 2 1 . 5 ± 5 . 3  0 . 46 
Duraphat 1 2 . 8  ± 5 . 4  1 5 .  I ± 3 . 4  0 . 56 
Fluor Protec tor 62 . 9  ± 8 . 4  58 . 8  ± 7 . 9  0 . 44 
'lhe ac=acy of the experiments are, however , insufficient to prove that the 
ratio Ca/F 1 0 . 5 .  
9 .  2 WHAT HAPPEN:, IN VIVO 'IO THE "CaF2
11
: In figures 2-4 the F levels to-on 
gether with the arr01.mt of Fin are highly schenatically given. In the figures 
the pellicle thickness is chosen as 1 µm [Arends et al. , 1979 ) , the thickness 
of the caF2 layer is calculated as in chapter 5 ,  the thickness of the first en­
arrel layer (RS 2 , 2  µm) is fran the acid etch experiments described earlier (chap­
ter 8) • Vertically we have plotted the acquired arrount of F in µg .cm-2 an:! on 
the acquired arrount of Fin (first layer only) . NOIE 'IHAT THE SCALE FOR 
Fin IS 
2x THE SCALE FOR F
on . 'Ihe numerical results are presented in table II as well. 
Table II . Acquired fluoride on and penetrated ( 2 . 2  µm) in the enamel in vivo 
treatment 
APF gel 
after app lication 
in vivo after I week 
Duraphat 
after appl ication 
in vivo after 1 week 
Fluor Protector 
after app lication 
in vivo after I week 
L:<yer thickness 
(µm) of CaF2 
0 .  1 6  
o .  1 3  
0 . 34 
0 . 1 4  
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(layer I )  
23 . 6  ± 1 . 9 
1 9 . 3  ± 0 . 6  
5 1 . 9 ± 4 . 6  
2 1 . 0  ± 3 . 4  
0 . 7  
0 . 5  
0 . 8  
0 . 2  
I . I  
1 . 5 
± 0 . 2  
± 0 . 1 
± 0 . 2  
± 0 .  I 
± 0 . 2  











in  vivo 
after application after 1 week 
interface interface 
..,.Fon 
0 1 2 
Layer thickness in µm 
Fig. 2-4. Schematic representation of F and F .  (acquired fiuorida) in on -z..n 
the first enamel layer for APF ge l (fig. 2) , Duraphat (fig. 3) and Fluor 
Protector (fig. 4) ,  after application AND after 1 week in vivo. The b lack 
colwrrns represent the F level; the hatched columns represent the F .  level on -z..n 
(note that the scale for F .  is 2x the scale for F ). The pellicle is dotted. -z..n on 
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Fig. 5 .  Log of Fon (Fluor Protector 
in vivo) as a function of time . Note 
the difference be'tWeen t = 0 and t = 1 
week 
The rerroval in vivo of the F 
on 
can either be visualized as 
i) "chipping <May" of CaF2 fran 
the surface or 
ii) the local dissolution of caF2 
and subsequent leaching away 
of ca
++ 
and F- throuoh the 
pellicle. 
The e:iq::erimental evidence indi­
cates that the last picture is 
correct. If we plot for Fluor 
Protector (fig. 5) the log of 
F in vivo as a function of time 
on 
t we obtain a straight lil'l:! for 
periods between 1 and 12 week. 
From this graph � rray conclude 
that (for the given time inter­
val) the fluoride loss can be 
described by: 
ln F  = C - D  t on a (1) 
in which C is a constant and D
a 
is the apparent transport con­
stant for the fluoride removed 
from the Fon layer. 
The slope of the curve (D ) gives a nurerical value of D F::J 10-6 0112.sec-1 • 
a a 
This value is canparable to the diffusion constant of F- in aqueous solutions, 
and irrlicates that the F- simply leaches <Mey after local application through 
the pellicle. 
9.3 EFFICIENCY' OF THE 'IOPICAL F APPLICATION: The efficiency of a fluoridat­
ing agent is detennined mainly by application time ta and fluoride availabil­
ity. In the last factor the layer thickness of the agent applied plays an im­
portant role. In table III for various topical agents the F content, applica­
tion time and layer thickness applied are given. 
During the application only a small arrount of fluoride reaches the enarrel sur­
face. Assuming a diffusion constant of F- in aqueous solutions of about 
10-6 0112.sec-1 , we calculate that F- ions present in a layer X F::l  2 v'Dta (in 
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Table III.  Appl ication efficiency for various topical treatments 
appl ication calculated F avai lab le for fluoride , µg . cm-2 ratio 
treatment diffus ion fluoridation F + F .  
t ime 
layer 
dis tance process µg . cm-2 total 
on 1n 
thick- - F 
t 
ness (mm) 
(mm) o f  F Fa Fon Fin Fon + Fin a a 
1 . 237. F gel 5 min 2 0 . 4  492 23 . 6  4 . 2 2 7 . 8  0 . 05 
0 . 457. F gel 5 min 2 0 . 4  1 80 I I .  5 --- 1 1 .  5 0 . 06 
o:> 0 . 237. F gel 5 min 2 0 . 4  9 2  1 6 . 6  I .  6 1 8 . 2  0 . 20 w 
0 .  I I 7. F gel 5 min 2 0 . 4  44 I 7 .  I --- I 7 .  I 0 . 39 
2 . 267. Duraphat 24  h I 6 2260 1 9 . 3  8 . 9  28 . 2  0 . 0 1 
0 .  77. Fluor 
Protector 24 h 0 . 2  6 1 40 5 1 . 9  1 0 . 0  6 1 . 9  0 . 44 
0 .  17. Fluor 
Protector 24 h 0 . 2  6 20 3 . 0  2 . 5  5 . 5  0 . 2 7  
-which ta is the application ti.Ire in sec) can reach the enarrel. For 5 min and 
24 h values of t
a this corresporrls to about 0.4 and 6 nm, resp. 
The experirrentall y applied layer thicknesses are , ha-iever, 2, 1 and O • 2 nm 
for APF gel, Duraµ,.at and Fluor Protector, resp. 
Only about 20% of the applied fluoride can therefore reach the enarrel surface 
in the APF gels. For the laU!Uers, on the other hand, all fluoride applied 
can in principle reach the enarrel. 
'!he arrount of fluoride, that can reach (in the application period of inter­
est) the enamel surface, is given in table III, column 5. In the last oolumn 
we have si.mnarized the ratios of the total arrount of F present as F + F .  
on in 
and the anount of F that can reach the enarrel surface in t .  '!his sha,,rs that a 
for APF gel, Duraµ,.at and Fluor Protector applications about 5, 1 and 44% of 
the F actually available participates in the fluoridation process. 
For caipleteness we note that the study presented in this thesis pertains 
to arrounts of fluoride in and on SOlJN) HUMAN ENAMEL only and not to carious 
enamel. The last point will be studied separately in the near future:. 
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'Ihe aims of this investigation were: 
1. to follo.v longitudinally in vivo the anounts of fluoride on the enarrel sur­
face as well as the �.:=quired fluoride in the enarrel after topical F appli­
cations. 
2. to detennine in vitro the anounts of fluoride in and on the enarrel after 
various topical fluoride applications (Fin and Fon ' resp . ) . 
3. to investigate the acid etching of huran enarrel (Fin) .  
'!he thickness of enarrel layers ranoved by etching with acids is of consider­
able practical interest because the layer thickness rerroved influences the 
fluoride content given in ppn F directly and consequently the fluoride pro­
files in enamel. 
In the first chapter the subject of topical fluoride applications on e:narrel 
is introduced. 
In chapter 2 two rrethods are compared for estimating the arrount of enarrel re­
noved by etching with O .1  M HClO 4 solutions in various tirre intervals: 
i) a rreasurerrent of the layer depth based on the anount of calcium rerroved 
during an etch period (deal and 
ii) a direct rreasurenent of the layer depth on tooth sections by an optical 
depth detelJTl:i.nation (d0P
) .  
Both techniques were aprlied to the same sample. '!he results sho,,r in rrost 
cases a statistical significant difference between the two values of interest 
dca and d0P; dOP is greater than dca. Increased exposure times result in 
larger differences between d0P and dca . For long expcsure times dOP is con­
siderably greater than <ta; the difference can be as much as 50%. The reason 
for the discrepancy between optical and chemical depth detennination is rrost 
likely due to the enamel prism structure . SEM pictures on O . 1  M HC104 etched 
specirren strongly indicate an increasing surface roughness with increased 
etching periods. 
In d1apter 3 we corrpare the rate of etching and the relative surface rough­
ness caused by HClO 
4 solutions of different cx:mcentrations . '!he average thick­
ness of the e:narrel layer rerroved is a linear function of the total etching 
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period (except for very short periods) . The rate of etching ( S )  with HC1O4 
solutions in µm .sec-1 is strongly influenced by acid strength and stirring 
rate during etching; 8 is R:S 0 .02, 0.06, 0.18 and 0.74 µm .sec-1 for 0 .02, 0 .1, 
0 .5 and 2 .0 HC104 soluti0ns, resp . 
8 is a linear function of the acid strength . SEM pictures of the specirrens 
sha,,, that acid strength, etching tirre and chemical conp:isition of the enanel 
are the detennining factors for surface IIO.q:ilology of etched enarrel. A l<:M 
acid concentration gives a sharp etch; increased acid strength causes in­
creased surface roughness. 
In chapter 4 the accuracy and reproducibility of the fluoride detennination 
with solid state fluoride electrodes using the acid-etch procedure is des­
cribed . Different fluoride electrodes sh<:M a canparable behaviour . The fluor­
ide detennined as described in this thesis is accurate and reproducible within 
± 2% (range 0 .04 - 0 .6 ppn F} . 
In chapter 5 a comparison is presented of the arrount of calcium fluoride de­
posited on the enarrel surface and the acquired arrount of fluoride in the en­
arrel by topical applications in vitro . A single topical treatrrent with three 
different fluoride-containing systens on hurran enarrel resulted both in an en­
richment of the F content in the enamel an.d an accumulation of F reaction 
products on the enarrel surface . The aim of this study was to quantify the 
fluoridation of an APF gel and two F-containing laa::;ruers and to rreasure the 
anounts of KOH-soluble fluoride and a�ired fluoride separately . Blocks of 
intact enarrel were treated with the topical agents and subsequently e:xposed 
to 1 M KOH for 24 h. No measurable amJUnt of fluoride was dissolved fran the 
control specirrens of intact enamel by this treatrrent . Results are presented 
from experirrents with the three different fluorides applied to natural sur­
faces of the same tooth . The amount of fluoride F for the APF gel and Dura-
® on @ µiat was comparable � 20 µg .cm-2 ) ;  Fluor PIOtector deposited rrore than 
twice this anount. 'Ihe layer thickness of CaF 2 based on KOH-soluble fluoride 
is calculated . The a�ed arrount of fluoride -<.n the enamel after exposure 
to KOH was mt related to the J_:i:! valoo of the fluoridating agent nor to the 
total anount of fluoride deposited on or in the enarrel . The total anount of 
a�red fluoride -<.n the enarrel -a 30 µm thick layer- was 4, 9 and 10 µg .an-2, 
for APF gel, Durar:hat and Fluor Protector, resp . 'Ihe total anount F
0n and Fin 
in the specirrens was 28, 38 and 60 µg .an-2 , resp . 'Ihe CONTACT TIME plays a 
dominant role in the fluoridating effect in deeper layers ( 5 - 30 µm) -<.n the 
enarrel surfaces for agents with the same J_:H .  
In chapter 6 a comparison of the fluoride uptake by hurran enamel from APF gels 
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with cu.6 6e1ten-t: 6R.uoM.de c.onc.e.n,tlz.a.tiol'!.6 is presented . The experirrental data of 
this experirrent indicate tha.t: 
i) ro statistically significant difference exists between the arrount of 
fluoride aCXIUired on and in the enarrel for the gel preparations used, even 
not for the la.vest concentration of 0 .11 % F; 
ii) a statistically significant increase of the aCX!Uired F in the surface en­
airel (layer 1) was cbservable only for 1 . 23% F gels. 
Therefore, it is questionable whether there is any significant advantage 
in the application of high-o::,ncentration F gels . 
In chapter 7 the fluoride deposited as F
0n and Fin by topical applications in 
vitro with stannous fluoride on human enarrel is described . A 4% aqueous solu­
tion of SnF 2 was applied for 5 min and 30 min, resp . , and the arrounts of KOH­
soluble fluoride and aCX!Uired fluoride were rooasured separately . The arrount 
of fluoride in the KOH solutions after 5 and 30 min SnF2 application are com­
parable: 6 . 2  and 7 .4 µg .an-2, resp . A single topical treatrrent of SnF2 of 5 
and 30 min did NOT produce a significant enrichment of fluoride IN the enam­
el. The considerable accumulation of fl=ide reaction products on the outer 
enamel surface was only 1/3 of the arrount deposited by APF gels. 
In chapter 8 ,  in an IN VIVO study the arrount of fluoride present � aoo in 
human enairel was folla.ved longitudinally for a period of 3 rronths. The fluor­
idating agents were an APF gel and the fluoridating lacxruers Duraphat and 
Fluor Protector . The fluoride on the enarrel (F , mainly as CaF2) was deter-- on 
mined by the Caslavska root.hod. The fluoride in the enarrel (F . ) was measured - in 
in 5 enarrel layers rerroved by acid etching . 12  patients did wear the treated 
eriam:l specirrens and controls for periods of 1, 4 and 12 weeks before F and on 
F .  detenninations were made .  The CaF2 (F ) in on is lost in vivo in all 3 treat-
roonts with a rate of about 20 µg .an-2 in the FIRST WEEK .  Consequently, APF 
gel and Durai;:hat treated specirren lost rearly all CaF2 in vivo in this period. 
The anount of CaF 2 present in Fluor 
Protector was noticeable up to 1 rronth . 
A second conclusion is that the arrount of aCX!Uired F- (F . in a layer of in 
30 µm) is after an APF gel or Durai;tiat treatrrent regligible after 1 week in 
vivo. A Fluor Protector treatrrent introduced an anount of aCX!Uired fluoride 
of 11, 14 and 15 µg.an-2 after 1, 4 or 12 weeks, resp . 
This study shows ronclusively that if sufficient CaF2 is deposited on the en­
amel in vivo for a sufficiently long tine, the arrount of F- in the enarrel can 
be increased significantly . 
The role of calcium fluoride in topical fluoridation of human enarrel is dis­
cussed in chapter 9 .  In case of the acidic local fluoride agents, the F 
on 
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consists nost likely of arrorphous CaF2. The removal in vivo of the F0n after 
local application is due to a local dissolution of the caF2 am. subs�ent 
leaching cMay of Ca
++ 
and F- through the pellicle. Only a fraction of the 
arrount of F applied by the topical agents is used in the fluoridation process ; 
for APF gel , Durar:hat and Fluor Protector applications about 5 ,  1 and 44% of 
the F actually available participates in the fluoridation process. 
Fram this st\.Y.ly one has to conclude that: 
1) large arrounts of CaF2 are famed after topical fluoride application on the 
enarrel surface , 
2) rearly all caF2 in vivo is removed fast, despite the presence of the pelli­
cle , 
3) CaF2 leadling cMay in vivo does hardly or rot fluoridate enan2l of adjacent 
teeth, 
4) CaF2 , present as F , introduces minor arrcunts of fluoride (as F. ) in the on in 
enanel, 
5) the F. aaruired from the CaF2 sufficiently long in contact with the teeth in 
can penetrate deep (30 µm) into scum enarrel . 
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SAMENVA'ITIN3 
TOPICAL FIDORIDE APPLICATIONS ON HUMAN ENAMEL; 
A CDMBINED IN VIVO - IN VITRO S'IUDY 
Bij grote groepen van de bevolking kant nog steeds veel tandbederf voor ; 
tandbederf is nog steeds nondziekte nUITmer 1. In de bestrijding van tandbederf 
speelt fluoride een belangrijke rol. Het gebru.ik van fluoriden is tot nu toe 
het enige eenvoudig toepasbare middel gebleken an tanden en kiezen effektief 
tegen tandbederf te beschenTEn . 
De m:.m:nteel toegepaste fluorideringsrniddelen (fluoridantia) zijn: fluoride 
houdende tandpasta ' s, lokale fluoride-applikaties , fluoride nondspoelingen, 
fluoride tabletten en het flooride afkcm;;tig uit drinkwater. Het gebru.ik van 
floorideringsmiddelen heeft tot doel flooride 2E het tandoppervlak aan te bren­
gen en fluoride te laten peretreren in het tandglazuur. Hierbij wordt opgerrerkt 
dat als regel meetbare fluorideringseffekten beperkt blijven tot een glazuur­
laagdikte van F"1 1
�
0 nm. 
Voor de bescherminq van het glazuur op het m::mmt dat een tandbederf-(= zuur) 
aanval op het tandoppervlak plaatsvindt, is de aarwezigheid van voldoende 
flooride van veel belang. Echter voor een optima.le bescherming tegen ontkalking 
(tandcaries) is een verminderen van de zuurvorming in de tandplaque door een 
beperken van suikergebru.ik en een goede nondreiniging noodzakelijk ;  beide zijn 
gewenst, ter voorkaning van tandbederf . 
Wat er bij een fluoride-applikatie gebeurt, en net narre hoe lang het fluoride 
op het tandoppervlak blijft, is kwantitatief slechts ten dele bekend. 
Dit orrl.erzoek beperkt zich tot de lokale fluoride-applikatie van gezorrl. 
glazuur. IDkale fluoride-applikaties zijn fluoridebehandelingen waarbij ge­
durende een korte periode (enkele minuten) tanden en kiezen in direkt kontakt 
worden gebradlt net aanzienlijke hoeveelheden fluoride. Van de klinisch effek­
tief bevonden fluorideverbindingen warden natrium flooride (NaF) , tin fluoride 
(SnF 2) , �cidulated ,e-icsi:nate fluoride (APF) en amine fluoride bevattende oplcs­
singen het rreest gebru.ikt. Het zijn deze fluoriden die ook voorkaren in tand­
pasta ' s  en gels. 
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Van recentere datum zijn de fluoride bevattende tandlakken, in de handel be­
kend als Durai;tia-®en Fluor Protecto:®. Deze lakken hechten aan het gebit en 
verlengen zodoende de irINerkingstijd van het fluoride aanzienlijk; van enkele 
minuten tot rreer dan 24 uur. Di t is een belangrijke ontwikkeling arrlat de kon­
takttijd fluoride/glazuur een bepalende faktor is in het fluorideringseffekt 
van fluoridantia. 
Het doel van dit onderzoek is an van veel gebruikte fluorideringsmiddelen te 
bepalen : 
i) hoeveel fluoride er nu echt in het tandglazuur penetreert en hoeveel fluo­
ride er 9E het glazuuropi:;ervlak blijft, en 
ii) hoe lang de fluoriden, genoenrl in i) aanwezig blijven in de klinische 
praktijk .  
Daartoe zijn allereerst 
de verschillende pararreters bestudeerd die van invloed zijn op fluoridebepa­
lingen aan tandglazuur rret gebrui.kmaking van de z .g. zuur-ets techniek; 
is vervolgens in een laboratorium--situatie de hoeveelheid fluoride afgezet in 
(F . ) en 9E (F ) tandglazuur bepaald, oruniddellijk na een lokale applikatie 
1.11 on . 
rret een 4% SnF2-oplossing, een 1. 23% F APF gel en de tandlakken Durapi.at en 
Fluor Protector; 
en is tenslotte de fluorideconcentratie nagegaan op en in het, door een lokale 
F-applikatie gefluorideerde, tandglazuur bij patienten na 1, 4 en 12 weken. 
In hoofdstuk 1 wordt de vraagstelling van het onderzoek kart ingeleid. 
In hoofdstuk 2 warden rret 0.1 M perchloorzuur vijf laagjes, na inwerking 
van 30, 30, 60, 120 en 120 sec, van het glazuuropi:;ervlak afgeetst. De laagdik­
te van de afgeetste lagen glazuur is zo,,,el chemisch vastgesteld (d
ea
l als ook 
optisch gerreten (d0P) .  Het verschil in etsdiepte tussen de beide bepalingen 
kan 50% bedragen voor de vijf afgeetste laagdikten tezarren; waarbij d0P > dca ·  
In hoofdstuk 3 is de invloed van verschilleme perchloorzuurconcentraties 
op de etssnelheid en oppervlaktenlNheid van glazuur bestudeerd. 
De afgeetste laagdikte van het glazuuro:i::pervlak beinvloedt rechtstreeks de ge­
rreten fluorideconcentratie; een scherpe begrenzing van de afgeetste glazuur­
laag is daarom belangrijk. I.agere zuurconcentraties geven een vlakker etsop­
pervlak. 
Het flooridegehalte wordt steeds bepaald door de fluorideconcentraties te rre­
ten van de etsoplossingen van het glazuur m.b.v. een fluoride-electrode. 
In hoofdstuk 4 is de nauwkeurigheid van de uitgevoerde fluoriderretingen na­
gegaan; deze bedraagt ± 2%. 
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In de hoofdstukken 5, 6 en 7 warden fluoridebepalingen uitgevoerd aan gla­
zuur direkt na een lokale F-applikatie. Hierbij zijn de F - en F .  -waarden on 1.n 
afzonderlijk bepaald volgens een gestandaardiseerde rrethode. 
In hoofdstuk 5 wordt dit beschreven voor 1 . 23% F APF gel , DuraJ:iiat en Fluor 
Protector. De F
0n-waarden na een lokale F-applikatie rret APF gel en Durai;nat 
zijn vergelijkbaar (R:i 20 µg.an-2 ) ;  Fh.nr Protector geeft rreer dan tweemaal de­
ze hoeveelheid. De F in-waarden (voor een 30 µm dikke glazuurlaag) bedragen na 
applikatie 4, 9 en 10 µg.an-2 voor APF gel, Durai;:hat en Fluor Protector. 
In hoofdstuk 6 zijn drie APF gels rret een lagere fluorideconcentratie en 
een net de tot nu toe gebruikelijke, 1 . 23% F, bestudeerd. Verschillen in flu­
orideconcentratie tussen de vier onderzochte APF gels geven geen significante 
verschillen tussen de hoeveelheden Fon ' resp. Fin onderling; zelfs niet voor 
de gel rret een concentratie van 0. 11% F. 
In hoofdstuk 7 zijn de resultaten beschreven van fluoride-awlikaties rret 
4% SnF2-oplossingen. Deze oplossingen geven na een applikatietijd van 5 en 30 
min, F -waarden van resp. 6 en 7 µg .an-2 • Een toenarre van het fluoridegehalte on 
in het glazuur na awlikatie van deze 4% SnF 2-oplossingen ken niet warden ·vast-
gesteld (F
in
= 0) . Deze resultaten zijn opvallend, om:lat tinfluoride goede 
klinische resultaten geeft bij het afremren van tandbederf. 
In hoofdstuk 8 warden de resultaten van een longitudinaal onderzoek bij pa­
tienten naar veranderingen van de F - en F. -waarden in de tijd na een lokale on in 
F-awlikatie rret een APF gel ( 1 . 23% F) , Duraphat en Fluor Protector besproken. 
Daartoe zijn in de door proefpersonen gedragen prothesen paarsgewijs proef- en 
controleblokjes glazuur aangebracht gedurende 1, 4 of 12 W=ken. 
De belangrijkste resultaten van dit in vivo exp:rirrent zijn: 
1) een zeer sterke afnarre van de F
0n-waarden in de tijd, gedurende de eerste 
week 
2) bij een langdurig caF2-
kontakt rret het glazuur wordt de F. -waarde in 
in 
stand gehouden en neemt tevens in de buitenste glazuurlaag {R:l 2 µm dik) 
significant in de tijd toe. 
Het in de rrond door speeksel van het proefblokje afgespoelde fluoride blijkt 
op het aangrenzende controle blok geen rreetbaar effekt te hebben. Het uitblij­
ven van dit z. g. "cross-over" effekt is oµrerkelijk en benadrukt het sterk 
plaatselijke effekt van lokale F-awlikaties :  alleen daar waar fluoride wordt 
aangebracht vindt fluoridering plaats. 
In het laatste hoofdstuk wordt beschreven hoeveel van in het fluoriderings­
rniddel aarMezige fluoride inderdaad het glazuur bereikt. 
In de eerste week na awlikatie gaat veel fluoride uit het caF
2-achtige neer-
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slag verloren (RI  20 µg.an-2 ) .  Daarna verloopt het verlies langzarrer ten gevolge 
van pellikelvormi.ng. 
Het blijkt dat slechts een fraktie van het middels gel of lak op het gla­
zuur aangebrachte fluoride wordt gebruikt voor het proces, dat leidt tot Fon -
en F. -vorming. Tijdens een F-applikatie kan slechts een klein deel van het 
in 
aarwezige fluoride het glazuurofPeIVlak bereiken. In de klinisch toegepaste 
applikatietijden is dat voor APF gel, Durap,.at en Fluor Protector resp. 5, 1 
en 44% .  
Sanenvattend kan worden gesteld dat; 
1. Lokale fluoride-applikaties fluorideren alleen de buitenste laag van het 




2. De hoeveelheid fluoride die wordt aangebracht tijdens het appliceren noet 
worden onderscheiden in CaF 2 S?.E. het glazuur en F 
- in het glazuur. 
3. De hoeveelheid F en F. is sterk afhankelijk van het type fluoriderings-
on in 
middel en de kontakttijd ; het rreeste fluoride echter wordt als F
0n afgezet 
op het tandoppervlak. 
4. Bij de Fluor Protector applikatie is het hoogste gehalte F
0n en Fin gemeten. 
5. Een lakale applikatie rret 4% SnF2 resulteert alleen in een rreetbaar fluori­
deringseffekt _ge_ het glazuur (Fin = 0) • 
6. In vivo verdwijnt veel fluoride, zowel F
0n als Fin ' in een periode van ca. 
1 week. Dit weggespoelde fluoride fluorideert nabijgelegen tandoppervlakken 
niet. 
7. Wanneer een voldoende hoeveelheid CaF2 als F op het glazuurOH?E!rvlak on 
wordt aangebracht (Fluor Protector) resulteert dit in 
a) toename van Fin in het glazuur, 
b) een rreetbare hoeveelheid F
0n in vivo tot een periode van 3 maanden. 
8. Bij fluoridering rret APF gels is de afgezette hoeveelheid Fon vrijwel on­
afhankelijk van de onderzochte fluoride=ncentraties. Alleen bij een fluo­
rideconcentratie boven R:11% vindt een significante toenarre van het fluori­
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